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Foreword

It is telling that Hurricane Katrina would send a warning sign to
California—in part because California is generally regarded as a hot bed
of natural disasters. Fires, floods, and earthquakes rake the state with a
frustrating regularity. Yet this is exactly what happened: Devastation in
the South alerted those of us in the West to yet another potential disaster.
As Californians turned outward to meet the needs of former residents of the
Gulf region, especially those unfortunate enough to have lived in the lower-
lying neighborhoods of New Orleans, state policymakers turned inward
and realized that the Sacramento Delta held the same loss potential from a
major earthquake as New Orleans had experienced from a hurricane.

Ellen Hanak, research fellow and director of the Economy Program
at PPIC, and a team of experts from the University of California, Davis,
decided to explain the vulnerability of the Sacramento—San Joaquin Delta
and to lay out a series of options for addressing current and likely future
problems. This report, Envisioning Futures for the Sacramento—San Joaquin
Delta, describes why the Delta matters to Californians and why the region
is currently in a state of crisis—from threatened freshwater supplies for
the whole state to the potential extinction of numerous fish species. After
reviewing years of policy studies on the Delta, as well as delving into the
most updated ecological information, the authors conclude that the future
requires a “vision of a variable Delta, as opposed to the commonly held
vision of a static Delta.” The strategy of rigorously preserving a freshwater
Delta has been risky and expensive. Instead, the authors present a case for
a future approach that “yields the best outcomes overall, accompanied by
strategies to reasonably compensate those who lose Delta services.”

Nine alternatives are presented across three objectives—maintaining
high levels of fresh water, allowing the Delta to fluctuate between high
and low levels of salinity, and moving toward a Delta that provides
high levels of fresh water as needed. The authors carry out an initial
summary evaluation of all nine alternatives and provide a rationale for
their assessment of each one. The report does not endorse any single “best”
solution among these alternatives. As the authors note, a closer look at
the details will be required before the best strategy can be decided on.
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However, they suggest that a hybrid solution, relying on some combination
of key elements, may provide the most promising path forward.

In this spirit, the report offers a number of new ideas for managing the
Delta and presents a set of central themes for ways to think about the future
of the region. The most striking of these themes is that business as usual is
unsustainable for current stakeholders. The combined effects of continued
land subsidence (that is, sinking land elevations), sea level rise, increasing
seismic risk, and worsening winter floods make continued reliance on weak
Delta levees imprudent and unworkable over the long term. In very strong
language, the authors conclude that significant political decisions will
be needed to make major changes in the Delta. Incremental, consensus-
based solutions are unlikely to prevent a major ecological and economic
catastrophe of statewide significance.

The report concludes with recommendations for several actions—some
related to the use of technical and scientific knowledge and others to the
design of governance and finance policies. Most important, the authors
identify a number of urgent items for debate and policy action. With a
substantial base of empirical evidence and a considered assessment of the
options, the report is not alarmiste—but it does make a strong case that
California’s future water supply is in serious jeopardy unless the problems
of the Sacramento—San Joaquin Delta are dealt with in a thoughtful and
timely fashion.

David W. Lyon
President and CEO
Public Policy Institute of California



Summary

“One gains nothing . . . by starting out with the question, “What is acceptable?’
And in the process of answering it, one gives away the important things, as a
rule, and loses any chance to come up with an effective, let alone with the right,
answer.”

Peter F. Drucker (1967), The Effective Executive

California’s Delta Crisis

The Sacramento—San Joaquin Delta is the hub of California’s water
system, home to a unique ecosystem and to a diverse recreational and
agricultural economy. Management strategies for the Delta that satisfy
these often competing interests have been discussed and debated for almost
100 years, at times leading to acrimonious divisions between Northern
and Southern California, environmental and economic interests, and
agricultural and urban water users. Recently, the Delta has again taken
center stage in debates on California water policy, with broad implications
for statewide environmental, land use, and flood control policies. The Delta
is widely perceived to be in crisis in several ways.

One dimension of the crisis is the health of the Delta’s 1,100 miles of
levees, on which both Delta land use and water supply systems depend.
The devastating effects of Hurricane Katrina on New Orleans’ levees
galvanized public attention on the fragility of the Delta’s levee system,
where close calls occur with some frequency and where a major levee break
occurred in June 2004. Continued sinking of Delta islands, sea level rise,
and likely increases in the severity of flooding make the Delta’s fragile levee
network increasingly vulnerable to failure from earthquakes, floods, and
other causes.

Long-term increases in these risk factors make the current reliance on
Delta levees appear imprudent and unsustainable. Over the next 50 years,
there is a two-thirds chance of a catastrophic levee failure in the Delta,
leading to multiple island floodings and the intrusion of seawater. For
one such scenario, the Department of Water Resources estimates that a



large earthquake near the Delta would cause major interruptions in water
supplies for Southern California, the San Joaquin Valley, and the Bay Area,
as well as disruptions of power, road, and shipping lines, costing the state’s
economy as much as $40 billion. Such failures also would create major
environmental disruptions and local flooding risks.

A second aspect of the crisis is the health of Delta fish species. In the
fall of 2004, routine fish surveys registered sharp declines in the numbers
of several open-water (pelagic) species, including the delta smelt, already
listed as threatened under the federal and state Endangered Species Acts.
Subsequent surveys have confirmed the trend, raising concerns that the
smelt—sometimes seen as an indicator of ecosystem health in the Delta—
risks extinction if a solution is not found quickly.

The third dimension of the crisis is institutional. The framework known
as CALFED—a stakeholder-driven process established in the mid-1990s to
mediate conflict and to “fix” the problems of the Delta—is facing a crisis
of confidence. Although the levee and ecosystem problems noted above
are partly to blame, CALFED has also been criticized for failing to elicit
anticipated funding commitments. As the CALFED truce erodes, lawsuits
are beginning to fill the gaps left by a lack of consensus on management
strategies and options. Some of these conflicts reflect a renewal of old battle
lines, pitting water exporters against environmental interests and those
who use water within the Delta. But new battle lines have also emerged
over the urbanization of Delta farmlands and the issue of levee stability.
The pressures to develop the Delta’s flat, low-lying lands are great, given
their location near transportation corridors and several major metropolitan
areas. Yet many concerns are being raised about the consequences for flood
risk, ecosystem health, and water quality. Moreover, the prospect of levee
failure raises concerns about the potentially great financial liabilities facing
California’s taxpayers, given the state’s role in managing the Delta and its
many miles of levees.

Responding to the Crisis

Recognition of the crisis in the Delta has led to appeals to pursue a
number of very different management strategies. The collapse of key Delta
fish populations has prompted some environmentalists to call for cutbacks
in water exports. At the same time, two main proposals have surfaced
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for dealing with levee instability: massive investments in the levee system
(creating, in a sense, the “Fortress Delta” we discuss below) or construction
of a peripheral canal at the Delta’s edge, to protect urban and agricultural
interests from what many now view as the unacceptable risks of continued
reliance on direct Delta exports. The resurgence of a peripheral canal
proposal is significant, because it is a solution that has deeply divided
Californians in the past.

As an immediate response to concerns over the health of the levee
system, the state significantly increased the budget for levee repairs in 2006,
and two bond measures passed in November 2006 allocate additional
funds for flood control in the Delta. But there is as yet no broader plan for
responding to the crisis in the Delta, including how the bond funds should
be spent. Such a plan may emerge from several efforts now under way.

Two technical studies are examining the causes of the pelagic organism
decline and the risks to the levee system. Two policy-driven efforts are
charged with looking at long-term management options. The Delta Vision
effort, launched by the governor in the fall of 20006, is to develop a strategic
plan for sustainable use of the Delta, in conjunction with a broad range of
stakeholders and an independent Blue Ribbon Task Force. During 2007,
the CALFED program must also propose alternative management strategies
to meet its water and environmental goals for the Delta.

We hope that this study enriches both policy and technical discussions
of the Delta’s future. Our aim is to begin a serious, scientific search for and
comparison of potential long-term solutions for the coming decades. We
purposely take a broader view of the options than those commonly under
discussion in stakeholder circles—namely, the Fortress Delta, the peripheral
canal, and the maintenance of the current levee-centric strategy with lower
water export volumes.

The task at hand is urgent, and the stakes in the Delta are high. If
California fails to develop a viable solution and act on it soon, we risk
the loss of native species and important ecosystem services—and face
significant economic disruptions. Yet there is also a risk that the political
process will prematurely close off the consideration of options that could
help California make the most of the Delta while protecting its unique
ecosystem and species.
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New Thinking About Solutions for the
Delta Ecosystem

For the past 70 years, the state’s policy has been to maintain the
Delta as a freshwater system through a program of water flow regulation,
supported by maintenance of agricultural levees. This strategy improved
water quality for Delta agriculture and water exports and was assumed to
protect both native and desirable alien species (particularly striped bass).
But most such species have not done well under this policy. Native species
have declined considerably, and some—including the delta smelt—continue
to decline, even to the verge of extinction. Although recent work suggests
that export pumping is having a negative effect on several key Delta species,
more freshwater inflows or reduced exports alone are unlikely to save these
species because the highly altered nature of the aquatic ecosystem is part of
the problem.

Before the Delta was drained, diked, and settled by Europeans, it was
subject to significant seasonal and interannual fluctuations in freshwater
inflows, which worked in concert with large tidal ranges. Some parts of
the northern, eastern, and southern Delta were largely fresh at all times.
However, the western Delta was seasonally brackish and the central Delta
was brackish in the dry seasons of dry years. This was the flow and water
quality regime to which many native Delta species are adapted. The
invasion of numerous alien species, both as deliberate introductions and
as by-products of human activities, has created many problems. Many
of these invasive species are better adapted than the natives to the highly
altered environment that the Delta has become.

To address the problems of the Delta’s native species, a fundamental
change in policy is needed. A Delta that is heterogeneous and variable
across space and time is more likely to support native species than is a
homogeneously fresh or brackish Delta. Accepting the vision of a variable
Delta, as opposed to the commonly held vision of a static Delta, will
allow for more sustainable and innovative management. This is a legal and
political necessity as much as it is an ecological one. Many aspects of Delta
water and land management, from export operations to levee maintenance,
are significantly affected by a number of federal and state environmental
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laws. These laws form a significant constraint on any future management
strategy of the Delta.

Facing the Tradeoffs

A comprehensive solution for the Delta also needs to take into account
goals for the human use of Delta resources—including land use and water
supply and quality. But a change in thinking is necessary, particularly
in terms of the ability to satisfy all goals simultaneously. The approach
adopted by CALFED in the mid-1990s was that “everyone would get better
together,” and it was assumed that this could be achieved by managing
the Delta as a single unit, simultaneously achieving improvements in
habitat, levees, water quality, and water supply reliability. Going forward,
Californians will need to recognize that the Delta cannot be all things to
all people. Tradeoffs are inevitable. The challenge will be to pursue an
approach that yields the best outcomes overall, accompanied by strategies to
reasonably compensate those who lose Delta services.

Some Alternatives

With this in mind, we consider nine alternative approaches to a
comprehensive solution for the Delta’s problems. This list is not exhaustive;
a near-infinite number of alternatives exist for managing the Delta.
However, these nine alternatives allow us to explore a variety of very
different approaches in light of recent understanding of the dilemmas,
vulnerabilities, and possibilities for Delta water and land management.
Some of these alternatives have been under consideration at various times
in the past; others are relatively new. Most seek a “soft landing” from the
Delta’s current severe disequilibrium and vulnerability.

Three of these alternatives would maintain the Delta as a freshwater
body, either by relying on current strategies or by building stronger systems.
A second group of alternatives would manage the Delta as a more complex
and fluctuating mosaic of uses, supporting water supply exports with
peripheral or through-Delta aqueducts. A final group would reduce overall
dependence on the Delta, or potentially abandon the Delta altogether. All
nine alternatives are outlined below.



Freshwater Delta Alternatives

All three freshwater Delta alternatives would aim to maintain the Delta

as a homogeneous freshwater body, continuing policies begun in the 1930s.
Levees, outflows, and perhaps barrier structures would be the primary way
to control Delta salinity.

1.

Levees as Usual. The current levee-intensive system would be
maintained at recent levels of effort or modestly upgraded to meet
federal standards for agricultural levees. Water exports would
continue to be pumped through the Delta. Levee failures would occur
with increasing frequency.

Fortress Delta. “Whatever it takes” investments would be made to
support or fix levees deemed strategically important for urban areas,
infrastructure, and water supply exports. To contain costs, the total
length of the levees in the system would be shortened, reconfiguring
some islands. Lower-reliability levees (mainly in the interior of the
Delta) would be allowed to fail.

Seaward Saltwater Barrier. A permanent or movable barrier would
be erected at the western edge of the Delta. This is one of the oldest
and most extreme proposals for keeping salt water at bay, but it has
recently reemerged because Dutch engineers have suggested the
construction of a large movable barrier, similar to the Maeslant storm
surge barrier that protects Rotterdam in The Netherlands.

Fluctuating Delta Alternatives

In all three of these alternatives, environmental conditions, especially

salinity, would be allowed to fluctuate in the western Delta to improve

habitat conditions for native fish species. Urbanization would be possible
along the Delta’s periphery behind strong levees.

4.

Peripheral Canal Plus. An aqueduct would be constructed from the
vicinity of Hood, on the Sacramento River, south along the Delta’s
eastern edge, sending water exports to Clifton Court Forebay. This
would allow water exports to circumvent the Delta and yet continue
to meet the Central Valley Project and State Water Project intakes
that send water to other regions of the state. This proposal augments
the traditional peripheral canal proposals with special operations,



investments, and activities for environmental and other in-Delta land
and water uses (hence the “plus”).

South Delta Restoration Aqueduct. This aqueduct would be similar
to the peripheral canal mentioned above, but its major outlet would
enter the lower San Joaquin River. These supplemental freshwater
flows would resolve various water quality and flow problems of the
lower San Joaquin River and the southern Delta while improving the
quality of water exports and reducing entrainment of native fish at
the pumps. Some flows could be channeled into a wetland and flood
bypass channel through the southern Delta, contributing to improved
habitat and agricultural water quality. In-Delta investments would be
made for environmental and other in-Delta uses.

Armored-Island Aqueduct. By armoring select islands and cutting
off or tide-gating various channels within the central-eastern Delta,

a major, semi-isolated freshwater conveyance corridor for water
exports would be created. Various versions of this approach have been
considered since the 1950s.

Reduced-Exports Alternatives

These alternatives rely neither on new Delta export facilities nor on

levees. However, they imply an ability to greatly modify the pattern and
quantity of Delta exports.

7.

Opportunistic Delta. Only opportunistic seasonal exports would be
allowed, during times of high discharge of fresh water from the Delta
(generally winter and spring). Export pumping capacities would be
expanded to accommodate these high pumping periods, and some
surface storage within and near the Delta may be built. Salinity
levels would fluctuate in the western Delta, and many islands would
eventually become flooded. Urbanization would be possible along the
Delta’s periphery, behind strong levees.

Eco-Delta. The Delta would be managed as a single, unified entity
to favor key Delta aquatic and terrestrial species. Water extraction,
transportation corridors, and other functions would be maintained
as long as they do not interfere with rehabilitation goals. Some
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water exports would occur but less than in the Opportunistic Delta
alternative.

9. Abandoned Delta. A planned, multidecade retreat from the Delta
would occur, with the phasing out of much of the Delta’s farm
economy. Water exporting agencies would transition to alternative
water sources and would increase water use efficiency.

Our evaluations of these alternatives suggest some promising solutions.
A summary of our evaluations appears in Table S.1, along with a summary
of our rationale. The intent of our analysis is to eliminate unpromising
long-term directions for the Delta and point to some promising approaches,
focusing the limited available attention, talent, and resources on those more
likely to be successful over time. However, detailed knowledge and analysis
will be needed before the identification of a single “best” alternative can be
justified.

We find that the first three alternatives, which strive to preserve
the Delta as a homogeneous freshwater body, feature unpromising
environmental performance at great financial expense, even though some
of them would secure substantial quantities of fresh water for export and
use within the Delta. In particular, the current approach to managing
the Delta—with moderate reinforcement of existing levees and net Delta
outflows to keep the Delta fresh—prolongs its risks and vulnerabilities,
which are likely to increase over time. Temporary or permanent in-Delta
improvements for agricultural and urban land users do not overcome these
drawbacks.

The second set of alternatives, which allow for local specialization
and variability in the Delta, seem promising and worthy of more detailed
development and consideration. These alternatives are built around very
different approaches for supporting water exports. In-Delta agricultural
and urban users could both see benefits from levee strategies within these
alternatives. Although elements of these alternatives will be familiar to
many who know something about Delta water policy and politics, each one
has some fundamental differences from earlier proposals.

The final set of alternatives modifies current export policies to gain the
flexibility to achieve other objectives. At the extreme is the abandonment
of the Delta for most purposes. The argument for this strategy is that if the
Delta is unreliable and vulnerable, then it might be best to reconfigure state



Table S.1

Summary Evaluation of Alternatives

Summary
Alternatives Evaluation Rationale
Freshwater Delta
1. Levees as Usual—current  Eliminate Current and foreseeable investments
or increased effort at best continue a risky situation;
other soft landing approaches are
more promising; not sustainable in
any sense
2. Fortress Delta (Dutch Eliminate Great expense; unable to resolve
standards) important ecosystem issues
3. Seaward Saltwater Barrier ~ Eliminate Great expense; profoundly undesirable
ecosystem performance; water quality
risks
Fluctuating Delta
4. Peripheral Canal Plus Consider Environmental performance
uncertain, but promising; good
water export reliability; large capital
investment
5. South Delta Restoration Consider Environmental performance uncertain
Aqueduct but more adaptable than Peripheral
Canal Plus; water delivery promising
for exports and in-Delta uses; large
capital investment
6. Armored-Island Consider Environmental performance likely
Aqueduct poor unless carefully designed; water
delivery promising; large capital
investment
Reduced-Exports Delta
7. Opportunistic Delta Consider Expenses and risks shift to
importing areas; relatively low
capital investment; environmental
effectiveness unclear
8. Eco-Delta Consider Initial costs likely to be very high;
long-term benefits potentially high
if Delta becomes park/open space/
endangered species refuge
9. Abandoned Delta Eliminate Poor overall economic performance;

southern Delta water quality
problems; like Alternative #1, without
benefits
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water, environmental, and land use policy to minimize the importance

of this unreliable partner. However, we find that the environmental
outcome of abandoning the Delta would be poor, because the Delta would
not return to anything like its pre-European condition. Moreover, the
economic costs for agricultural and other water users would be extreme,
on the order of $1.2 billion per year. However, in this group of options,
the alternatives that alter export patterns to add fluctuations and improve
environmental performance show some promise and merit further
consideration.

Adapting to Change

No alternative will be ideal from all perspectives, and some would
preclude certain current uses of the Delta entirely. Our analysis suggests
that alternatives seeking to maintain the entire Delta as a freshwater
system—along the lines of the current levee-centric policy—are
incompatible with giving the Delta’s native species a fighting chance to
survive and prosper. The levee-dependent freshwater alternatives are also the
least compatible with the drivers of change currently acting on the Delta,
including land subsidence (sinking land elevations), sea level rise, regional
climate change, and increased seismic risk, all of which are increasing the
risk of levee failure.

Changes in the Delta will have significant costs and cause some
dislocations. However, most users of Delta services have considerable
ability to adapt economically. As a result, costs and dislocations, if properly
managed, should be modest from a statewide perspective. Mitigation
should be used to ease adjustment costs. Because they have nowhere else to
go, the most vulnerable users of the Delta are those native species that rely
on it for survival.

New Ideas for Managing the Delta

Although our analysis draws on the long history of thinking about
management options for the Delta, it includes several relatively new ideas.

* Creating localized Delta specialization. Traditionally, policymakers
have sought to treat the entire Delta homogeneously. Allowing
different parts of the Delta to specialize in particular functions or
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services may make for greater overall sustained performance for all, or
almost all, purposes. Spatial and temporal variability in flows, water
quality, and habitat was common in the pre-European Delta.
Establishing a western Delta fluctuating-salinity ecosystem.
Western Delta salinity appears to have naturally fluctuated more in
the past than it does now; reintroducing this fluctuation in parts of
the western Delta might benefit native and desirable alien species.
Using peripheral areas, such as Suisun Marsh and Cache Slough,
to bring back desirable natural conditions that existed in the Delta
historically. These are especially promising examples of locations that
could serve valuable environmental functions.

Allowing the urbanization of some Delta lands. Local land use
pressures, access to major transportation and employment centers,
and financial opportunities make urbanization of some Delta lands
seemingly inevitable, despite high risks of flooding. Urbanization
has significant potential to contribute financially and politically to
solving problems in the Delta. Careful regulation should be able to
provide sufficient flood protection and prevent urbanization from
unreasonably interfering with environmental functions.

Building a Sacramento—San Joaquin Canal (Alternative #5). Such
a canal would supplement lower San Joaquin River flows with
Sacramento River water to provide water near export pumps. It
would simultaneously improve lower San Joaquin River and southern
Delta freshwater quality and availability. This canal would provide
larger supplemental flows to the San Joaquin River than earlier
peripheral canal proposals.

Creating a San Joaquin River marsh and flood bypass. As part

of the Sacramento—San Joaquin Canal alternative, such a system
would provide additional habitat for fish and wildlife, water quality
improvements for southern Delta farmers, and flood bypass capacity
for the lower San Joaquin River.

Managing expectations and providing mitigation alternatives. It
is unlikely that any Delta solution can satisfy all Delta interests

in terms of water and land use. This approach differs from the
underlying assumption of CALFED that all Delta interests could
“get better together.” Stakeholders whose land and water interests
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cannot be directly satisfied may be compensated by financial or other
means. Even with such mitigations and compensations, one cannot
reasonably expect universal satisfaction.

Conclusions

This report has five major conclusions:

1. The current management of the Delta is unsustainable for almost all
stakeholders. The combined effects of continued land subsidence, sea
level rise, increasing seismic risk, and worsening winter floods make
continued reliance on weak Delta levees imprudent and unworkable
over the long term.

2. Recent improvement in the understanding of the Delta environment
allows for more sustainable and innovative management. Seeing the
Delta as a functioning ecosystem with fluctuating flows and salinity,
as it once was, allows us to think of new solutions to the Delta’s
problems.

3. Most users of Delta services have considerable ability to adapt
economically to risk and change. Water and land users have a wide
variety of adaptive responses, which, although sometimes costly, do
allow them to adjust. Moreover, users of the Delta also have a history
of responding to change; many are already adapting in anticipation of
worsening problems in the Delta.

4. Several promising alternatives exist to current Delta management.
The situation is far from hopeless. A sustainable, prosperous Delta
economy and society can be built while providing water and other
services statewide.

5. Significant political decisions will be needed to make major changes
in the Delta. Incremental, consensus-based solutions are unlikely
to prevent a major ecological and economic catastrophe of statewide
significance.

Recommendations

We recommend several actions and activities.
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Create a technical track for developing Delta solutions. Most recent
attempts to solve the Delta’s problems have been politically driven.
Agencies and other stakeholders have sought to negotiate solutions
based on what is politically acceptable, but this approach has not led
to acceptable or workable solutions. Despite improvements in our
understanding of the Delta ecosystem and the economy of California,
little in the way of new solutions or approaches to the Delta has been
developed or proposed. Now we are all “getting worse together.” The
political track of any Delta solution is necessary, but it can be better
informed by a technical track, which can develop new solutions

and adapt older solutions to current and future conditions. There is
strong historical precedent for this: In 1911, the California Debris
Commission provided such a service, suggesting effective long-term
solutions for the Sacramento Valley flood control problems.

Establish an institutional framework to support the development
of solutions and to bring scientifically and economically promising
alternatives to the attention of political authorities. This activity
needs to take a long-term view and avoid crisis-driven responses

to short-term political thinking. It should have some political
independence, an appropriately sized budget, the technical capability
to creatively and competently explore and eliminate alternatives, and
the management capability to direct multidisciplinary research and
development. CALFED was supposed to have these abilities, but its
direction, funds, and energy became dissipated in politics and the
effort to please all stakeholders. Current technical efforts examining
both the pelagic organism decline and the risks to Delta levees focus
rather narrowly on specific aspects of the Delta’s problems. Current
policy efforts—including the Delta Vision process—Ilack a substantial
technical component. Technical and policy endeavors need some
independence within a larger framework.

Launch a problem-solving research and development program. The
science effort regarding the Delta needs an overhaul. The Delta is a
multidisciplinary problem, not a research topic with a single focus.
Much past research on the Delta and its problems has been associated
with agency data collection or basic academic and disciplinary
research. A directed problem-solving research and development
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program aimed primarily at developing and informing the analysis
of promising solutions is needed. This program would include some
basic research, but most effort would be aimed at developing and
evaluating solutions. Ecosystem adaptive management experiments
(supported by quantification and computer modeling), levee
replacement, island land management, flood control, and integrative
system design would receive greater attention in a problem-solving
framework.

Consider the Delta’s water delivery problems in a broad context.
The foremost physical problem in the Delta is delivery of fresh water
through or around the Delta. And some promising solutions exist.
Potential options extend beyond the peripheral canal. However,
physical solutions for water delivery must be accomplished in the
broader context of developing a more sustainable Delta environment.
Eliminate some solutions to the Delta’s water delivery problems
from further consideration. To reduce investments of scarce time,
expertise, and resources in evaluating Delta alternatives, some
unpromising options should no longer be considered. These include
the current levee-centric approach, the building of a downstream
physical barrier to seawater, the large expansion of on-stream surface
water storage, and the idea of ending all water exports. These are
unreasonable solutions and they perform so poorly in economic and
environmental terms as to be nonviable.

Approach the Delta as a diverse and variable system rather than as
a monolith. A diversified and variable Delta by design is likely to
perform better than the freshwater Delta that has been artificially
maintained over the last 60 years. Better solutions are likely to emerge
if the Delta is not treated homogeneously. Historically, the Delta
naturally contained diverse habitats that varied across years, seasons,
and tidal cycles in terms of salinity, water velocity, water clarity,
elevation, and other physical habitat conditions. Reintroducing and
extending this diversity, by specializing parts of the Delta for wildlife
habitat, agriculture, urbanization, recreation, water supply, and other
human purposes seem promising,.

Give direct beneficiaries primary responsibility for paying for
Delta solutions. Public funds, such as those raised through general
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10.

11.

obligation bonds, should be reserved for the truly public components
of a Delta investment program, such as ecosystem restoration and
mitigation for those who lose out. Failure to develop an effective
funding mechanism will result in financial catastrophes for state and
local interests in the future, especially in the wake of a natural disaster.
Establish mitigation and compensation mechanisms to support

the implementation of any alternative. Not all parties will get what
they want or what they have been used to getting from the Delta. In
some cases, providing money or alternative land might compensate for
changing or eliminating uses of water or land that would hinder broad
progress.

Create stronger regional and statewide representation in Delta land
use decisions. The current institutional fragmentation of land use
authorities in the Delta fosters piecemeal decisionmaking that will
compound flood risks, irreversibly destroy valuable wildlife habitat,
and deteriorate water quality. Regional and statewide interests

should be more forcefully represented in Delta land use decisions,

to protect the value of the Delta both for the region’s residents and

for the broader public. The Delta needs a strong regional permitting
authority, along the lines of the San Francisco Bay Conservation and
Development Commission or the Coastal Commission.

Make essential emergency preparedness investments. Although it is
premature to choose a long-term solution for the Delta without further
technical investigation, California can take steps in the short term.

All agencies relying on Delta waters should develop extended export
outage plans through regional interties, water sharing arrangements,
and other measures. Other infrastructure providers also need
contingency plans. A program for the rapid repair of critical levees,
such as the one launched in 2006, and emergency flood response plans
are key.

Implement a “no regrets” strategy for the Delta. First, given the
urbanization pressures on the Delta, policy decisions are needed

to establish an improved regional governance structure, institute a
program to set aside or purchase key habitat, and create adequate,
coherent flood control guidelines for urbanizing lands. Second, to
avoid costly expenditures for islands that are of low strategic value, it



makes sense to develop a “do not resuscitate” list in the event of levee
failure. Third, to improve habitat conditions for the delta smelt and
other pelagic species in the short term, restoration actions should be
initiated in the Suisun Marsh and Cache Slough regions.

Forging a New Path Forward

The Delta’s many problems have sparked a crisis in confidence among
its many stakeholders. The CALFED process, which has been responsible
for crafting solutions in the Delta since the mid-1990s, is now widely
perceived as having failed to meet its objectives. That process was forged
under the threat of new federal water quality standards for the Delta.
CALFED?s failure lay in the course chosen for crafting solutions: favoring
political consensus over making tough choices among alternatives and
assuming that taxpayer largesse would foot any bill. The question going
forward is whether the crisis in the Delta can spur stakeholders and the
state to action with a new strategy that accepts the inevitability of both
winners and losers. The future of this unique ecosystem and regional
resource and of the state’s water supply system all depend on the answer.
All Californians are likely to see benefits (and costs) from a comprehensive
long-term solution. Otherwise, we will all see only costs.
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Glossary: Words and Phrases

Anadromous fish species—Fish that live in ocean water and move inland to
spawn, such as salmon.

Beneficiary pays principle—The principle that financial responsibility for a
project is apportioned among those who benefit from it.

Consumptive water use—Diversions of water withdrawn but not returned
downstream.

Dendritic channels—Branching or branchlike water channels, as found in
the Delta before land reclamation.

Fish entrainment—The drawing of fish or fish larvae into pumps or water
diversions.

Fishery—The organized capture of fish for sport or commercial purposes.

Groundwater banking—The managed storage of water in underground
aquifers.

Inflows—Natural or managed flows of water into a particular location.

Interties/intertied water system—Connections between water conveyance
facilities. An intertied water system such as California’s is quite flexible and
cost effective in accommodating water shortages or malfunctions at specific
water management facilities.

Land subsidence—The sinking of lands caused by compaction, oxidation
of peat soils, and wind erosion. Many Delta islands have subsided (mostly
from oxidation and erosion) to the point where they now lie many feet
below sea level.
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Mitigation—An action intended to moderate some effects of other
activities. For instance, flood management agencies often make one-time
payments (known as “flood easements”) to property owners in areas that
will be allowed to flood periodically to help cover the costs of flooding.

Outage plans—Plans for the unavailability of a resource or facility (such
as a loss of water or electricity resulting from the failure of a pump or
transmission line).

Outflow— Flows of water going away from a particular location.

Pelagic fish species—Fish that live their whole life in open water, above the
bottom. Within the Delta, this category includes the delta smelt, long-fin
smelt, and striped bass.

Planform—Two-dimensional patterns on the land, as seen from above or
on a planning map.

Reclamation—The diking and draining of swamp lands. Most “reclaimed”
Delta lands are used for agriculture, although some lands are used for
wildlife habitat and urban development.

Residence time—The length of time water remains within a particular
channel or area.

Salinity—The concentration of salt in water. As a rough guide, sea water is
35 ppt (grams per liter) and fresh water is less than 3.0 ppt. Drinking water
is less than 1.0 ppt.

Tidal excursions—The mixing of waters caused by daily tidal movements in
and out of an estuary.

Water exports—Generally refers to water used somewhere other than its
area of origin. Direct Delta exports refers to water from Delta watersheds
that is sent to points south and west of the Delta. Indirect exports, also
known as upstream diversions, refers to water diverted from the Delta
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watersheds (mainly in the Sacramento Valley and on the east side of the San
Joaquin Valley) before it reaches the Delta.

Water diversions—The withdrawal of water from a water body, some of
which might be returned downstream after use.

Water scarcity—When water deliveries are less than desired. Scarcity
is often managed by price, rationing urban water use, fallowing some
farmland, or curtailing recreational activities.

Water transfers—The exchange, leasing, or permanent sale of the rights to
use a particular amount of water from a particular source. Such transfers
occur through a “water market,” usually involving local and regional water
agencies and often state and federal agencies.

Water year—California’s water year begins on October Ist, the beginning
of the rainy season, and ends on September 30th.
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1. Introduction

“People seldom see the halting and painful steps by which the most insignificant
success is achieved.”

Anne Sullivan (1866—1936), American Educator of the Deaf;, Blind

The Sacramento—San Joaquin Delta is the hub of California’s water
system, home to a unique ecosystem and to a productive agricultural and
recreational economy. Strategies to manage the Delta that would satisfy
competing interests have been discussed and debated for almost 100 years,
at times leading to acrimonious divisions between Northern and Southern
California, environmental and economic interests, and agricultural and
urban sectors. Recently, the Delta has again taken center stage in debates
on California water policy. Research and actual levee failures have exposed
the New Orleans—level fragility of 1,100 miles of levees, on which both
Delta land uses and water supply systems currently depend. In addition,
dramatic declines have occurred in the population of several fish species
that depend on the Delta. Furthermore, the institutional framework
known as CALFED—a stakeholder-driven process established in the mid-
1990s to mediate conflict and to “fix” the problems of the Delta—is facing
a crisis of confidence. As the CALFED truce erodes, lawsuits are beginning
to fill the gaps left by a lack of consensus on management strategies and
options.

For the past 70 years, the state’s policy has been to maintain the
Delta as a freshwater system through a program of water flow regulation,
supported by the maintenance of agricultural levees. This approach now
appears near or past the end of its useful life, given the deteriorating state of
the Delta’s ecosystem and levees as well as the rising consequences of levee
failure. This report is about a search for solutions to Delta problems. We
do not pretend to offer the definitive solution; 100 years of history would
argue that such a solution is unlikely. Indeed, it may be that different Delta
strategies are appropriate for different periods of California’s development.
Instead, our aim is to launch a serious, scientific search and comparison of
potential long-term solutions for the coming decades.



What Is the Delta?

The Delta is a web of channels and reclaimed islands at the confluence
of the Sacramento and San Joaquin Rivers. It forms the eastern portion
of the wider San Francisco Estuary, which includes the San Francisco,

San Pablo, and Suisun Bays, and it collects water from California’s largest
watershed, which encompasses roughly 45 percent of the state’s surface area
and stretches from the eastern slopes of the Coastal Ranges to the western
slopes of the Sierra Nevada. It resembles other deltas of the world in that

it is at the mouth of rivers, receives sediment deposits from these rivers,

and was once a vast tidal marsh. The Sacramento—San Joaquin Delta is
fundamentally different from other delta systems, however, in that it is not
formed primarily by the deposition of sediment from upstream. Instead,

it is a low-lying region where sediment from the watershed commingled
with vast quantities of organic matter deposited by tules and other marsh
plants. For some 6,000 years, sediment accumulation in the Delta kept up
with a slow rise in sea level, forming thick deposits of peat capped by tidal
marshes. A century and a half of farming has reversed this process, creating
artificial islands that are mostly below sea level, protected only by fragile
levees. Today, those who drive through the Delta see mainly huge tracts

of flat, prosperous farmland intersected by narrow channels populated by
recreational boaters.

Geographically, the area known as the “Legal Delta” lies roughly
between the cities of Sacramento, Stockton, Tracy, and Antioch (Figure
1.1). It extends approximately 24 miles east to west and 48 miles north to
south and includes parts of five counties (Sacramento, San Joaquin, Contra
Costa, Solano, and Yolo). At its western edge lies Suisun Marsh, an integral
part of the Delta ecosystem. At its southern end, near Tracy, motorists
pass over two major pieces of California’s water infrastructure—the Delta-
Mendota Canal and the California Aqueduct. These and several smaller
aqueducts, built between the 1930s and the 1960s, deliver water from
Northern California rivers to cities and farmland in coastal and Southern
California and the San Joaquin Valley. The Delta is considered the hub of
the state’s water supply because it is used as a transit point for this water.
This role has significantly influenced Delta management policies, which
aim to keep Delta water fresh.
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Figure 1.1—The Sacramento—San Joaquin Delta

Today, the Delta supports a highly modified ecosystem. It resembles
the Delta of the past only in that some of the original species, such as delta
smelt and Chinook salmon, are still present, albeit in diminished numbers.
Invasive organisms, from plants to fish, now dominate the Delta’s steep-
sided channels and long-flooded islands (mainly Franks Tract and Mildred



Island). Most of the native fish either migrate through the Delta (e.g.,
Chinook salmon, steelhead, splittail) or move into it for spawning (delta
smelt and longfin smelt). Resident native fish are present mainly in areas
strongly influenced by flows of the Sacramento River. Although the past
decade has witnessed some improvements in salmon populations (often
grouped under the heading “anadromous” because they live in ocean
water and move inland to spawn), the delta smelt and other open-water
or “pelagic” species have sharply declined in recent years. Habitats in
marshlands and along the banks of rivers (“riparian” areas) have been
reduced to small remnants in the Delta, although agricultural lands are
important winter foraging areas for sandhill cranes and various waterfowl

(Herbold and Moyle, 1989).

Why the Delta Matters to Californians

Most Californians rely on the Delta for something, whether they
know it or not. Approximately 50 percent of California’s average annual
streamflow flows to the Delta. Most Californians drink water that passes
through the Delta, and most of California’s farmland depends on water
tributary to the Delta.! And, increasingly, people are building their homes
in the Delta, perhaps not realizing the risks to their property and lives from
living near or below sea level behind undersized and poorly maintained
levees. Table 1.1 summarizes the many ways in which California’s regions
receive services from the Delta.

Clearly, the Delta is not merely a hub for water supply. It is also a
center for important components of California’s civil infrastructure. The
electricity and gas transmission lines that crisscross the region serve many
parts of the state. The Delta is also used for the underground storage of
natural gas to accommodate peak wintertime demands. Furthermore, the
Delta hosts several transportation lines. California’s major north-south
highway (I-5) goes through its eastern edge, and two commuter routes—
SR 4 and SR 12—cross its southern and central portions, respectively
(Figure 1.2). Several rail lines pass through the heart of the Delta, as do
the deepwater shipping channels leading to the ports of Stockton and
Sacramento. In addition, aqueducts and canals conveying water to several

ISee Chapter 6 for details on water use by region.



Table 1.1
Services Supplied by the Delta Region to Areas of California

Benefiting Region
North of South of ~ West of
Delta Service Delta In-Delta Delta Delta
Agricultural land use ol
Urban land use v
Ecosystem nutrients and support \/ v
Migration routes for salmon and \/ \/ S \
other fish
Water supply \/ \/ \ V
Recreation (boating, fishing, hunting, v v v Y
ecotourism)
Commercial shipping N \ Y v
Natural gas mining and power V Xl Xl J
generation
Electricity and gas transmission and V V \ \/
gaS Storage
Road and rail connections v v \/ v
Salt, waste, and drainage disposal v v \/
Water supply right-of-way \

NOTES: North of Delta includes the Sacramento Valley. In-Delta includes Delta
Island users. South of Delta includes Southern California and the eight-county San
Joaquin Valley. West of Delta includes the San Francisco Bay Area (including Contra
Costa County).

west-of-Delta water utilities—including the East Bay Municipal Utilities
District and the Contra Costa Water District—also pass through parts
of the Delta. And two power plants are at the Delta’s western edge, in
Antioch and Pittsburg.

In addition to civil infrastructure, the Delta also provides crucial
habitat, and many of California’s fish species live in or migrate through it.
Moreover, the Delta is valued for its aesthetic appeal and for its support of
recreational activities. Its proximity to population centers in the Bay Area,
Sacramento, and the northern San Joaquin Valley makes it an attractive
destination for boating, fishing, hunting, and ecotourism. The Delta’s 635
miles of boating waterways are served by 95 marinas containing 11,700 in-
water boat slips and dry storage for 5,500 boats. In 2000, there were
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Figure 1.2—Infrastructure in the Delta

an estimated 6.4 million boating-related visitor-days, with 2.13 million
boating trips. Recreational boating is expected to grow to 8.0 million
visitor-days by 2020 (Department of Boating and Waterways, 2002).
Fishing is also a popular activity (Plater and Wade, 2002), as is duck
hunting in the Suisun Marsh.



The Delta also serves as a vast drainage area for polluted agricultural
and urban runoff. This runoff contains a variety of surplus and residual
pesticides and nutrients, in addition to contaminants leached from the
soils of specific regions. Drainage from within the Delta contains dissolved
organic compounds from the islands’ peaty soils, which increase water
treatment costs and drinking water quality risks. Sacramento Valley
drainage includes mercury and other wastes from historic mining activities,
and San Joaquin Valley agricultural drainage includes salts originating in
the soils in the Valley’s west side and in irrigation water. Retaining such
wastes locally would cause great expense and impairment within the
source regions, but allowing them to flow into the Delta creates water
quality problems for human and environmental uses within the Delta and
beyond.

Finally, the Delta provides land. Until recently this land had been used
predominantly for agriculture. Today, however, the Delta’s land, as well
as its water, has come into greater demand for urban, environmental, and
recreational uses.

The Delta in Crisis

Concerns for the continued provision of services from the Delta involve

several issues:

* Land subsidence, sea level rise, and changes in climate make Delta
levees increasingly vulnerable to failure from earthquakes, floods, and
other causes.

* Endangered species and fisheries have continued to decline in the
Delta and disruptive nonnative species continue to invade.

* Delta water quality remains at risk from salts entering from the ocean
and the San Joaquin Valley’s agricultural drainage as well as from
pesticides and metals coming from agricultural and urban lands.

* Regional population and economic growth has increased pressure
to urbanize Delta lands near major transportation routes and urban
centers. This “hardening” of Delta lands simultaneously raises the
costs of flood risks and reduces the flexibility of land management
options.



Awareness of these issues has intensified over the past two years, leading
many to question the viability of current policies for the Delta. Indeed, by
several key criteria, the Delta is now widely perceived to be in crisis. One
dimension of the crisis is the health of the levees. The devastating effects of
Hurricane Katrina on levees in New Orleans galvanized public attention on
the fragility of the Delta’s levee system, where close calls occur with some
frequency; for example, a Jones Tract levee broke in June 2004. Recently,
the Department of Water Resources (DWR) has publicized the economic
consequences of a catastrophic levee failure caused by a large earthquake.
One scenario, which envisaged 30 levee breaches and 16 flooded islands,
predicted that water exports would be cut off for several months, that
shipping to the Port of Stockton would be cut off, and that there would
be disruptions of power and road transportation lines (Snow, 2006). The
total cost to the economy, over five years, was estimated at $30 billion to
$40 billion. A similar study of a 50-breach scenario, focusing only on the
costs to water users, put the annual costs of a shutdown at the pumps at $10
billion (Illingworth, Mann, and Hatchet, 2005).

A second aspect of the crisis is the health of Delta fish species. In
the fall of 2004, routine fish surveys registered sharp declines in several
pelagic species, including the delta smelt, a species listed as threatened
under the Endangered Species Act. Subsequent surveys have confirmed the
trend, raising concerns that the smelt—sometimes seen as an indicator of
ecosystem health in the Delta—risks extinction if a solution is not found
quickly (Figure 1.3).

The third dimension of the crisis is institutional. The CALFED
process that has been responsible for coordinating Delta solutions since
the mid-1990s has faced serious problems since late 2004. CALFED’s
failure to anticipate funding and disagreements among stakeholders on
some key elements of its program has contributed to a loss of confidence
in this institutional framework (Little Hoover Commission, 2005). Since
the summer of 2006, the California Bay Delta Authority—the body
responsible for coordinating CALFED activities—has been operating out
of the Resources Agency, without an independent budget. Thus, the strong
leadership and financial resources needed to address the Delta’s problems
are currently lacking.
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Figure 1.3—Fall Abundance Indices for Several Pelagic Fish Species in the
Delta, 1967-2005

Responding to the Crisis

Recognition of the crisis in the Delta has led to appeals to pursue a
number of very different management strategies. The collapse of Delta fish
populations has prompted some environmentalists to call for cutbacks in
water exports. Meanwhile, two main proposals have surfaced for dealing
with levee instability: massive investments in the levee system to reduce
the risk of failure (creating, in a sense, the “Fortress Delta” we describe
below) or construction of a peripheral canal at the Delta’s eastern edge,
to protect water exports from what many now view as unacceptable risks
associated with direct Delta exports. The resurgence of a peripheral canal
proposal is significant, because it is a solution that has deeply divided
Californians in the past. Strong majorities of Northern California and San
Joaquin Valley voters—concerned over the canal’s environmental effects,
its potential to export too much water south, and the proposed allocation
of costs—succeeded in defeating a peripheral canal proposal in a statewide



referendum in 1982. When the CALFED process was launched in the
mid-1990s to find new solutions to the Delta’s ecosystem and water supply
issues, feelings were still so raw that the peripheral canal was not considered
an acceptable option.

These proposals have largely emerged from stakeholder groups, and
none provide fully fleshed-out plans to address the Delta’s woes. To
date, the only concrete response from Sacramento, supported by both the
governor and the legislature, has been to put more state funds into shoring
up Delta levees, which were relatively neglected under CALFED.? State
budget allocations for levee repairs were increased significantly in 20006,
and two bond measures passed in November 2006 ballot allocate additional
funds for flood control in the Delta. However, there is as yet no broad plan
for responding to the crisis in the Delta, including how the bond funds
should be spent.

Such a plan may emerge from several efforts now under way or
envisioned. Recently, two focused scientific studies have been launched
by government agencies. Since the summer of 2005, a multiagency task
force has been examining the causes of the pelagic organism decline (the
“POD” study). In the spring of 2006, the Department of Water Resources
initiated a two-year “Delta Risk Management Study” (DRMS) to analyze
risks to the levee system. Two policy-driven efforts are also beginning. In
September 2006, the governor launched a Delta Vision exercise to look at
long-term alternatives for the Delta, in conjunction with stakeholders and
an independent Blue Ribbon Task Force.> Also, as its first phase comes
to a close in 2007, the CALFED program must reconsider alternative
management strategies to meet its water and environmental goals for the
Delta.

The purpose of this report is to provide input into these current
processes and into other Delta discussions, by outlining some major issues
facing the Delta and initiating a search for long-term solutions. In assessing
potential solutions, we purposely take a broader view of the options than

2In the first four years of the CALFED program, a total of $78 million was spent
on levees, only 29 percent of the amount envisaged in the CALFED Record of Decision.
Total CALFED spending from all sources was $2.5 billion, 66 percent of the level
envisaged (Department of Finance, 2005; CALFED, 2000c¢).

3See Senate Bill 1574 and Executive Order S-17-06, signed on September 28, 2006.
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those commonly under discussion in stakeholder circles—namely, the
Fortress Delta, the peripheral canal, and the maintenance of the current
levee-centric strategy with lower water export volumes.

The task at hand is urgent, and the stakes in the Delta are high. If
California fails to develop a viable solution and act on it soon, we risk the
loss of native species and significant disruptions of economic activity. Yet
there is also a risk that the political process will prematurely close off the
consideration of options that could help California make the most of the
Delta, while protecting its unique ecosystem and species. Therefore, we
seek to contribute to the discussion of the Delta in two ways—first, by
describing and evaluating a wide range of strategies for Delta solutions
and, second, by pointing out solutions that are not viable and do not
merit continued consideration. Time is of the essence, and determining
a practical and focused array of options will best serve the interests of all
involved in determining the Delta’s future.

Crafting Long-Term Solutions for the Delta

Long-term solutions for the Delta will need to consider a wider range
of issues than simply which levees to upgrade. To be viable, Delta solutions
will need to address four central issues: the salinity of Delta waters, in-Delta
land use and water supply, water supply exports, and the Delta ecosystem.

Delta Salinity

With rivers feeding into it and marine bays at its western edge,
the Delta is the meeting point for seawater and fresh water within the
wider estuary system (Knowles, 2002). Delta salinity has been a major
concern since the City of Antioch’s 1920 lawsuit against irrigators in the
Sacramento Valley, whose upstream water withdrawals reduced freshwater
flows into the Delta and increased the salinity at water intakes in the
western Delta (Jackson and Paterson, 1977). Salinity affects the potability
and taste of urban water supplies, the productivity of farmland, and the
viability of different organisms within aquatic ecosystems. For many
decades, this issue was discussed in terms of where the salinity gradient—
that is, the transition from fresh water to seawater—should be located in
the estuary. Since the 1920s, it has been regarded as desirable to maintain
the Delta, as much as possible, as a freshwater system, Suisun Bay and
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Marsh as brackish water systems, and San Francisco Bay as a marine
(saltwater) system. The current regulatory framework for water quality in
the Delta rests on this idea. More recent thinking, discussed in Chapter
4, holds that seasonal and interannual variability in much of the estuary
may better mimic the natural salinity regime and help limit the extent of
invasive species, which tend to prefer waters with little salinity fluctuation.
Increasingly, it has been recognized that salinity and other, broader water
quality problems in the Delta are compounded by the quality of upstream
and in-Delta drainage, with consequences both for urban and agricultural
users as well as for fish and wildlife.

Delta Land Use

Land is a central issue for the Delta. Of the Delta’s 738,000
acres, roughly two-thirds support agriculture and one-tenth urbanized
populations. Although the human population within the heart of the
Delta is minimal—limited principally to homesteads and a handful of
small “legacy” towns—Tlarger cities such as Stockton and Antioch have
long existed on its fringes. The Delta is often thought of as a site of high-
value fruit and vegetable farms, but roughly 75 percent of the farmland is
actually devoted to lower-value pasture and field crops; in comparison, only
55 percent of farmland statewide is devoted to these uses (Department of
Water Resources, 1998). And in recent years, urbanization and recreational
use of Delta lands has been on the rise.

Various environmental uses of Delta land already exist, including
wetlands, riparian habitat, waterfowl uses, and aquatic habitats. Open
water—which results when islands are flooded and submerged—also has
environmental use, as well as considerable value for recreation, boating, and
shipping. Freshwater storage is another recent suggestion for Delta lands.
This freshwater storage plan proposes investing in strengthening internal
levees on some Delta islands that have subsided below sea level, allowing
them to be filled with water, on a tidal or seasonal time scale, to aid water
projects in pumping fresh water from the Delta.4

Each of these land uses has different implications for water use, the
quality of water required in adjacent channels, drainage quality and

40ne proposal, known as the Delta Wetlands project, is one of five surface storage
proposals endorsed by the CALFED program for further consideration (see Chapter 4).
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quantity, and economic sustainability. Fortunately, the Delta is large and
diverse enough to support a mix of land uses.

Water Exports

Water exports from the Delta are a major cause of controversy. For
water users in Southern California, the Bay Area, and the San Joaquin
Valley, the reliability and quality of these water supplies are of paramount
concern. Yet there are also concerns that export patterns and volumes harm
species’ health and water quality within the Delta. Many approaches exist
for either providing or avoiding this function for the Delta, and numerous
options have been proposed over the past century. Even without providing
water exports, however, the Delta would still have many serious problems
with flooding, land subsidence, degraded habitat, invasive species, and
water quality.

Delta Ecosystem

Different parts of the Delta provide habitat for different wild species
and their diverse life stages. The mix of salt, brackish, and freshwater
marshes as well as upland, riverine, and deepwater habitats affects the
abundance and makeup of native and alien species. Therefore, anything
that changes the physical Delta changes the biological Delta. Since the
1970s, considerable attention has been paid to the effect of water supply
functions on ecosystem functions in the Delta. Initially, this discussion
focused primarily on the role of water export pumps at the Delta’s southern
edge, and on efforts aimed to avoid fish entrainment (the drawing of fish
into the pumps). It is now recognized that the same issues of entrainment
of fish and invertebrates apply to power plant cooling water and agricultural
and urban diversions elsewhere in the Delta. Concerns have also been
raised that the total volume and timing of diversions are causing problems
for key Delta species by changing the way water flows through the Delta.
Given the range of federal and state environmental laws protecting these
species, these concerns are legal and political as much as ecological.

Searching for a Soft Landing

In this report, we look for long-term solutions to these chronic, dire,
and potentially catastrophic problems. We review a range of alternatives for
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the Delta—some old and some new—that address these four issues. Rather
than focus on crisis management, we consider long-term management
strategies, under which Californians can develop and implement a plan

to adjust to the Delta of the future. This approach, which we refer to as
planning for a “soft landing,” differs greatly from how California may need
to manage short-term crises in the Delta, or what might be considered

a “hard landing.” If the state is unfortunate enough to experience

a multilevee failure before implementing a long-term plan, effective
emergency response will be needed to minimize the costs in terms of water
supply and damages to other economic infrastructure. Studies such as
DRMS will provide invaluable input into such response plans.

Report Overview
This report develops and explores five major themes:

1. The current Delta is unsustainable for almost all stakeholders.

2. An improved understanding of the Delta environment now allows for
more sustainable and innovative management.

3. Most users of Delta services have considerable ability to adapt
economically to risk and change.

4. Several promising alternatives exist to current Delta management.

5. Significant political decisions will be needed to make major changes.

The first part of this report focuses on the first three of these themes.
Chapter 2 provides a short history of the Delta and draws lessons from past
policy interventions. Chapter 3 presents an overview of current problems
and future prospects for the Delta in light of the key natural and human
drivers of change. Paradigms for understanding and managing the Delta
ecosystem are developed in Chapter 4, particularly relating the ecosystem
to fluctuating salinity regimes. Chapter 5 focuses on institutional aspects
of the current crisis, with a review of stakeholder perspectives. Chapter 6
analyzes the role of Delta water supplies in various regions of California
and the ability of water users and the larger water supply system to adjust to
changes in Delta water management policies.

The second part of the report turns to an analysis of long-term solutions
for the Delta. Chapter 7 presents a range of options and alternatives for
managing the Delta. A preliminary assessment of nine alternatives is
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provided in Chapter 8. Chapter 9 considers various policy issues that will
be central to crafting a new Delta framework: principles for financing
Delta investments, strategies to provide mitigation for those who may bear
a disproportionate share of the costs of particular Delta solutions, and
governance issues. Conclusions and recommendations are presented in

Chapter 10.






2. The Legacies of Delta History

“You could not step twice into the same river; for other waters are ever flowing on
to you.”

Heraclitus (540 BC—480 BC)

The modern history of the Delta reveals profound geologic and social
changes that began with European settlement in the mid-19th century.
After 1800, the Delta evolved from a fishing, hunting, and foraging
site for Native Americans (primarily Miwok and Wintun tribes), to a
transportation network for explorers and settlers, to a major agrarian
resource for California, and finally to the hub of the water supply system
for San Joaquin Valley agriculture and Southern California cities. Central
to these transformations was the conversion of vast areas of tidal wetlands
into islands of farmland surrounded by levees. Much like the history of
the Florida Everglades (Grunwald, 20006), each transformation was made
without the benefit of knowing future needs and uses; collectively these
changes have brought the Delta to its current state.

Pre-European Delta: Fluctuating Salinity and Lands

As originally found by European explorers, nearly 60 percent of the
Delta was submerged by daily tides, and spring tides could submerge it
entirely.! Large areas were also subject to seasonal river flooding. Although
most of the Delta was a tidal wetland, the water within the interior
remained primarily fresh. However, early explorers reported evidence of
saltwater intrusion during the summer months in some years (Jackson
and Paterson, 1977). Dominant vegetation included tules—marsh plants
that live in fresh and brackish water. On higher ground, including the
numerous natural levees formed by silt deposits, plant life consisted of
coarse grasses; willows; blackberry and wild rose thickets; and galleries of
oak, sycamore, alder, walnut, and cottonwood. Few traces of this earlier
plant life remain; agricultural practices and urbanization have cleared most

1Unless otherwise noted, the discussion in this section draws from Thompson (1957).
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forested areas and levee upgrading has removed most trees and vegetation
from the natural levees.

Before European settlement, the Delta also teemed with game animals
and birds. Elk, deer, antelope, and grizzly bear frequented the tules and the
more open countryside. Sightings of elk were reported as late as 1874, but
the last of the large game animals are thought to have been destroyed by
the 1878 flood.

From the reports of early explorers, it has been estimated that the
native population in the Delta area was between 3,000 and 15,000. Most
native villages were on natural levees on the edges of the eastern Delta and
typically contained around 200 residents, although one community was
thought to contain at least 1,000 residents. The native population did not
practice agriculture, although they did manage the landscape with fire and
other tools to favor plants they used (Anderson, 2005). Their diet consisted
of the roots and pollen of the tules, acorns, and the fruit and seeds of other
wild plants. Fish and game were also important staples.

European settlement of the Delta began slowly. Despite several
expeditions between 1806 and 1812, the Spanish failed to locate a suitable
site for missions in the region. From 1813 to 1845, most expeditions were
military attempts to subdue the native population. The Hudson Bay
Company sent trappers into the Delta from 1828 through 1843 but had
limited success because of interference by Native Americans, priests, and
local merchants. From 1835 through 1846, the Spanish established several
land grants. In 1841, John Sutter was the first foreigner to be granted land
in the Delta vicinity. By 1846, an estimated 150 European-Americans were
in the Central Valley, mostly at Sutter’s Fort near present-day Sacramento.
A Dutchman living on an unconfirmed grant below Sutter’s Landing was
the only certain European-American resident within the Delta, with others
scattered on the periphery.

Two events in 1847 set the stage for accelerated settlement of the
Delta. The first was the transfer of California to the United States at the
end of the Mexican-American war; many U.S. soldiers had volunteered
for the war with the idea of staying in California. The second was the
introduction of the steamboat, Sutter’s Sitka. The Sitka reduced travel time
from Sacramento to San Francisco from a typical two- to three-week trip to
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just under seven days, a change that greatly facilitated trade throughout the
Delta.

Reclamation: Foundations of the Modern Delta
Economy

The reclamation of Delta lands began almost simultaneously with the
California gold rush. Within weeks of the January 1848 discovery, the
few settlements near the coast had all but emptied, and an influx of tens of
thousands of people followed. Almost immediately, many miners saw surer
fortunes to be made from tilling the soil than from mining. Most of them
selected lands on the natural levees of the main waterways or on higher
ground near streams close to heavily traveled trails. By the early 1850s,
interest turned to the diking and draining of flooded Delta lands.

The reclamation era, which spanned over 80 years, was marked by
frequent institutional change, as Delta interests and state and federal
authorities sought to tackle problems ranging from basic levee construction,
to regional flood control and maintenance of shipping channels, to salinity
intrusion. Many of these problems were compounded by the presence
of upstream mining activities, which sent massive volumes of debris into
the Delta. Although most land reclamation was undertaken by private
individuals or local groups, this era witnessed the first major public
works project in the Delta—the Central Valley flood control system. By
the time the last Delta island was diked and drained in the early 1930s,
Delta farmers and the cities on the Delta’s periphery had become firmly
established interests whose concerns over water quality would figure
prominently in the search for large-scale solutions to Delta water issues in
subsequent decades.

Reclamation and the Rise of Delta Agriculture

Delta reclamation is a process that becomes increasingly difficult as it
progresses. Each acre of drained and diked land represents the removal of
floodplains, placing more stress on the remaining system by reducing space
for subsequent floodwaters to occupy. Initial reclamation efforts amounted
to little more than attempts to supplement natural levees to protect
agricultural plots during high tides and seasonal floods. It soon became
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clear that for reclamation to proceed, institutions were needed to provide
land tenure security and to facilitate collective work on levees.

A primary piece of enabling legislation for the reclamation of Delta
lands was the Arkansas Act of 1850, more commonly known as the
Swampland Act. This law ceded federal swamplands to the states to
encourage their reclamation. California received 2,192,506 acres, including
nearly 500,000 acres within the Delta. Sales began in 1858. Initially,
individual acquisitions were limited to 320 acres, at the price of $1 per acre
(about $23 per acre in today’s dollars). In 1859, the size limit was doubled
to 640 acres, and limits were repealed altogether in 1868.

Although several continuous levees were built in the 1850s (notably,
on Grand and Sherman Islands), collective levee building was facilitated
by the creation of the Board of Reclamation in 1861, which was given the
authority to form reclamation districts from collectives of smaller parcel
owners (see Figure 2.1 for the location of individual islands). Between 1861
and 1866, the board authorized reclamation districts to enclose large areas
that were defined by natural levees. The board also embarked on several
large-scale schemes to reclaim lands and provide flood protection in the
Sacramento and Yolo Basins and on several Delta islands. Although the
board was dissolved before much of this work could be completed, its duties
were transferred to the counties, which continued to oversee the creation
of reclamation and levee maintenance districts. Ninety-three of these local
agencies still operate within the Delta today, with frontline responsibility
for levee maintenance.

Technology also played a central role in reclamation. A contractor in
charge of levee construction on Staten Island, J. T. Bailey, developed the
first mechanized equipment for levee construction in 1865 (Thompson,
1957). After 1868, when the 640 acre size limit was repealed, corporate
speculators and wealthy individuals undertook large-scale reclamation and
derived profits from selling the improved land. Machine power was applied
to levee construction, land clearing, ditch building, and dredging, and
pumps were introduced to drain the parcels.

The influence of these institutional and technological innovations on
the pace of reclamation is striking (Table 2.1). In the 1870s, over 90,000
acres were reclaimed, six times more than in the preceding decade.
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Table 2.1

Reclamation Growth in the Delta

Acres Cumulative

Decade Reclaimed Acres

1860—1870 15,000 15,000
1870-1880 92,000 107,000
1880-1890 70,000 177,000
1890-1900 58,000 235,000
1900-1910 88,000 323,000
1910-1920 94,000 417,000
1920-1930 24,000 441,000

SOURCE: Thompson (1957).

Reclamation efforts in the Delta continued through the 1930s, with the last
island, McCormack-Williamson Tract, reclaimed in 1934.

In the early years of reclamation, the Delta was seen as a drought-free,
fertile area on which the state could depend to support its growth. Delta
waterways provided natural and inexpensive transportation routes. The
droughts that ruined San Joaquin Valley wheat and barley crops served
to further enhance the value of Delta farmlands. An editorial in the San
Francisco Alta of July 25, 1869, provides a characteristic view:

In these reclaimable lands we shall have drought-proof means of life and

luxurious living for the whole population of our State, were it twice as numerous.

Heretofore the certainty of occasional famine years has been a dark cloud on

the horizon before the thoughtful vision. Now we see salvation. All hail! to the

great minds that have conceived this enterprise. God speed their success and
bring them rich reward.

These high hopes waned after the major floods of 1878 and 1881,
which revealed the susceptibility of reclaimed lands to recurrent
inundations. By this time, however, Delta agriculture had become an
important interest in its own right, with landowners seeking relief from
floods and mining debris (and, eventually, from salinity intrusion) through
judicial and political channels.
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Figure 2.1—Delta Islands

Legal Battles over Upstream Mining

It is estimated that between 1860 and 1914, more than 800 million
cubic yards of mining debris—enough to fill 10,000 football fields to a
depth of 16 yards—passed through the Delta, primarily from hydraulic
mining sites upstream of the Sacramento River watersheds. Although this
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Legend for Delta Islands in Figure 2.1
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debris had some positive effects—notably by bolstering levees and providing
fill material—its overall consequences were decidedly negative. The debris
raised and constricted the channels, worsening the reduced tidal action
caused by reclamation. Consequences included transportation difficulties,
increased susceptibility to flooding, and decreased agricultural productivity.
(The latter problem, a result of seepage from an elevated water table, was
mitigated somewhat when pumps became available in the early 1900s.)

In 1880, the state legislature formed the Board of Drainage
Commissioners in an attempt to find a solution between the miners and the
farmers. The board was to create drainage basin planning districts with the
costs born by a statewide land tax and taxes on hydraulic mining. When
this action was invalidated by the State Supreme Court the next year, the
farmers instituted injunction proceedings against the miners. The first of
these cases—People v. Gold Run Ditch and Mining Company (July 1881)—is
considered a landmark piece of environmental jurisprudence. It invoked
the public trust doctrine to impose an injunction on hydraulic mining. A
second case, Woodruff v. North Bloomfield Gravel Company (January 1884),
also sided with the farmers.

Public Works for Flood Control

In reaction to these rulings and to pressure from Central Valley
business interests, subsequent decades saw a flurry of attempts to find a
comprehensive solution to flooding issues in the Delta and the greater
watersheds of the Sacramento and San Joaquin Rivers. The result was a
series of major public investments, involving both the federal and state
governments, which are still core elements of the Central Valley flood
control system.

The 1893 Caminetti Act authorized the federal government to
cooperate with California in formulating plans to prevent mining tailings
from passing downstream. The California Debris Commission—a three-
member body of Army engineers—was created to work with the federal
government in this effort. Although the commission’s primary goal was to
find a way to resume mining without the tailings problem, its legacy was
regional flood control (Kelley, 1989). In 1910, the commission initiated
dredging of the lower Sacramento River, under what was known as the
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“Minor Project.”> A commission report submitted to Congress in 1911
formed the basis of a comprehensive flood control plan for the Sacramento
River. This plan (dubbed the “Major Project”) included proposals for
continued channel dredging and the creation of the Yolo Bypass, which
provides space for excess water flows on private farmlands.> The plan also
specified levee heights throughout the Delta.

When California’s legislature approved the Major Project in 1911, it
also resumed control over reclamation authority, recreating the Board of
Reclamation to coordinate state reclamation, flood control, and navigation
improvement. The U.S. Congress approved the Major Project in 1917,
after the state and landowners agreed to greater participation. The Federal
Flood Control Act of 1928 grew from the California Debris Commission’s
study (as well as Mississippi River experiences) and marked congressional
recognition of responsibility in flood control as well as navigation.

Today, flood control within the Central Valley continues to operate
under this system of joint responsibility. Federal and state agencies have
the primary charge for maintaining roughly 1,600 miles of publicly owned
“project levees.” Some cost-sharing of project levees is assumed by local
reclamation districts and flood control agencies. Within the Delta itself,
the mix of responsibilities is more complex. The Delta contains nearly 400
miles of project levees (notably the levees protecting the cities of Lathrop
and Stockton) and over 700 miles of “private” agricultural levees, which
have limited state cost-sharing (Figure 2.2). Concerns have recently
arisen regarding many aspects of the Central Valley flood control system,
including the condition of project levees surrounding Sacramento and other
upstream locations, but the private Delta levees are a particularly weak link
in the system.

2The Minor Project widened the Sacramento to 3,500 feet and a mean flood stage of
35 feet. Horse Shoe Bend was cut off, Decker Island was created, and a narrow midstream
island in front of Rio Vista was removed.

3Drawing on the experience with the 1907 flood, the Major Project proposed
600,000 cubic feet per second (cfs) of discharge capability for the Sacramento River. The
Yolo Bypass was first proposed in a report by Manson and Grunsky for the Public Works
Commission in 1894. Other flood control proposals in this period included that of the
Dabney Commission in the early 1900s.
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The Expansion of Shipping Channels

In the early 20th century, the U.S. Army Corps of Engineers also
became active in maintaining and improving shipping channels, which
had suffered from debris buildup. The earliest efforts focused on the

Sacramento corridor. From 1899 to 1927, the corps maintained a channel
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seven feet deep between Suisun Bay and Sacramento; it was subsequently
deepened to 10 feet. In 1946, Congress authorized a project to convert
Sacramento into a deepwater port; the dredging of the 30-foot-deep
channel was completed in 1955. Similar efforts took place to improve
shipping to the eastern Delta. The Stockton channel on the San Joaquin
River was maintained at nine feet from 1913 to 1933 and then dredged to
26 feet. In 1950 it was dredged to 30 feet, and in 1987 it was dredged to its
current depth of 37 feet at low tide.

These deepwater shipping channels have altered water flows within the
Delta.4 As a result of dredging, water moves much more slowly through
the lower Sacramento River than it does in shallower parts of the Delta,
thereby providing a different environment for fish and other aquatic life.
The Stockton ship channel is particularly important for east-west tidal
exchange with the western Delta. Both the Sacramento and the Stockton
shipping channels (particularly the Stockton channel) would be threatened
by a catastrophic levee failure, which could reintroduce large quantities of
sediment into them. At present, these ports are relatively minor players
in California’s sea trade, although Stockton handles large volumes of
agricultural produce from the Central Valley.> Sacramento traffic is

anticipated to increase under a new management arrangement with the Port
of Oakland (Port of Sacramento, 20006).

The First Salinity Lawsuits

By the early 20th century, salinity intrusion had become a major
concern for Delta interests. Although it is not certain how far upstream
ocean salinity extended under natural conditions, salinity levels did not
hamper reclamation in the Delta as they did around the San Francisco
Bay (Jackson and Paterson, 1977). In the Delta, virgin reclaimed tracts
did not need salts flushed out before agricultural practices began. In this
period, salinity intrusion was seasonally highest in the late summer months
after the mountain snowpack had melted, and salt water reached farther
inland during very dry years, such as 1871 (Young, 1929). However, the

4The locations of both channels are depicted in Figure 1.2

5In 2004, Stockton handled 1.4 percent of total volume and only 0.1 percent of total
value of California’s sea trade. Sacramento’s shares were even lower, at 0.5 percent and 0.06
percent, respectively (www.wisertrade.org)
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reduction of tidal floodplains through reclamation and mining debris
deposits decreased the penetration of salt into the Delta (Matthew, 1931a).
But upstream diversions for irrigation in the Sacramento Valley greatly
increased salt intrusion during summer months, especially in dry years. As
early as 1908, the sugar refinery at Crockett sent barges as far as 28 miles
inland (well into the Delta) to gather fresh water during the dry season
(Figure 2.3). During the drought years in the 1920s, salt water reached so
far into the Delta that these barges were sent west to Marin instead of east
into the Delta. Salt intrusion in the Delta reached its peak between 1910
and 1940, setting the stage for legal proceedings and various engineering
proposals to keep the Delta fresh that have continued to this day.

The first salinity lawsuit was filed in July 1920 by the City of Antioch.
The city, backed by various Delta interests, charged that upstream irrigators
on the Sacramento River were diverting too much water, resulting in
insufficient freshwater flows past Antioch to hold back ocean water.
Although the lower court initially ruled in Antioch’s favor, the California
Supreme Court overturned the decision on the basis of evidence showing
substantial salinity incursions in the era before significant upstream
irrigation.

The suit nevertheless sparked efforts to find engineering solutions to
the salinity problem. Initial proposals focused on the construction of a
saltwater barrier in the outer part of the estuary, near the Carquinez Strait.
A report from the state Department of Public Works (1923) officially
endorsed this idea, which had already been considered on several occasions
in the second half of the 19th century as a way to control floodwaters
and to resolve rail transportation problems across the Delta (Jackson and
Paterson, 1977). Further support for a barrier came from those concerned
about the effects of an invasive pest, the marine borer 7eredo, on docks
and other wooden structures in the inland ports. This pest, one of the San
Francisco Estuary’s first invasive species, was moving upstream with salinity
incursions. In the end, however, concerns over the high financial costs of a
saltwater barrier, as well as the potential harm such a barrier would cause to
commercial fisheries, led to its abandonment. Instead, as described below,

6As discussed in Chapter 6, upstream diversions still have major effects on Delta
inflows.
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Figure 2.3—Upstream Distance for Barges Looking for Fresh Water for Sugar
Refinery at Crockett

control of Delta salinity was woven into projects to augment water supplies
for users south of the Delta.

Farming and Land Subsidence

Another problem that increased in severity over time was the
subsidence of Delta lands, many of which now lie well below sea level
(Figure 2.4). Reclamation itself initiated the subsidence process, because
much of the material used to elevate the levees was taken from the interior
of reclaimed islands, thereby lowering the island while elevating its
protective barrier. Soil burning, mostly associated with the potato farming
that developed by 1900, also accounted for much early subsidence. Despite
the benefits of burning—weed control, fertilization, and the facilitation of
the seedbed—it accelerated subsidence and allowed for salt accumulation
and increased wind erosion.
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Figure 2.4—Land Subsidence in the Delta

Subsidence added to farming costs because it required additional levee
rebuilding, drainage excavation, and pumping both for regular operations
and recovery after floods. One casualty of this process was Franks Tract,
which was abandoned and left flooded after a 1938 levee failure. The same
fate befell Mildred Island in 1983. However, in general, Delta farmers
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have continued to farm subsided lands. As we will see in Chapter 3, even
though the pace of subsidence has slowed in recent times, in part because
some of the more destructive farming practices have ceased, subsidence of
Delta islands continues and is a major contributor to levee instability.”

Big Water Projects Transform the Delta to a
Freshwater Body

By the time reclamation of Delta lands was nearly complete in the
1920s, attention began to focus on the development of water supplies
from the two major Delta watersheds, the Sacramento and San Joaquin
Rivers. Elsewhere in California, major public works projects designed to
move water across long distances had already been planned or undertaken,
including the Los Angeles Aqueduct (from the Owens Valley to Los
Angeles), the Hetch Hetchy project (bringing Sierra Nevada water to San
Francisco), the Mokelumne River project (bringing Sierra Nevada water
to the East Bay), and the investments along the Colorado River to deliver
water to Southern California. From the 1930s to the early 1970s, the
Central Valley witnessed a series of major investments in water storage and
conveyance to supply agricultural and urban users. This process began with
the federally sponsored Central Valley Project (CVP) and ended with the
state-run State Water Project (SWP) and included some locally sponsored
projects. Although some of the engineering analyses considered alternatives
that bypassed the Delta, most of the investments actually undertaken relied
on the Delta as a conduit for exports to points south and west (Jackson
and Paterson, 1977). As we shall see, big water projects in the Delta have
always generated debate, and many plans have been created, modified,
and discarded. If nothing else, this process underscores the difficulties of
managing the Delta—in the past as well as today.

The Central Valley Project

Since the late 19th century, various observers have recognized the
potential for moving surplus Sacramento River water to the drier but

7Even in the 1920s, the weakness of Delta levees was seen as a major constraint on
Delta solutions, including the design and operation of a saltwater barrier (Young, 1929;

Matthew, 1931b).
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potentially productive San Joaquin Valley (Alexander, Mendell, and
Davidson, 1874). The 1923 Department of Public Works’ report to the
legislature noted above included proposals to build upstream storage
reservoirs to permit such transfers. These plans were fleshed out in the
department’s 1930 State Water Plan (“the Plan”), which would serve as

a blueprint for the Central Valley Project (Department of Public Works,
1930). The Plan concluded that upstream storage along the Sacramento
River could simultaneously resolve two principal water problems: water
shortages in the San Joaquin Valley, where groundwater overdraft—or
pumping in excess of natural recharge—had become a serious concern,
and salinity intrusion in the Delta, which would be addressed by creating
a hydraulic salinity barrier, with controlled releases of water from upstream
storage. Ultimately, the Plan rejected the idea of a physical salinity barrier,
arguing that its construction could be postponed until the anticipated
growth in San Joaquin Valley water demand used up excess reservoir
water.® Salinity problems in the East Bay would be resolved by piping
Delta supplies via a proposed Contra Costa County conduit. Investments
along the Colorado River, meanwhile, were seen as the near-term solution
to Southern California’s additional water needs.

The Central Valley Project was approved by the legislature and the
voters in 1933. Seeking to maximize federal financial contributions in the
hard economic times of the Depression, the state handed over control of
the project to the federal government. Although construction of one of the
CVP’s primary components, Shasta Dam, got under way by 1938, state and
federal agencies did not agree on the final form of diversions for Sacramento
River water until the following decade. USBR had proposed a new canal
to route the water around the periphery of the Delta between Freeport and
the Stockton area. The final outcome, closer to the state’s original proposal,
was to divert water through the Delta via a small cross-channel just north
of Walnut Grove, from which it would travel south to the pumps. The
Delta Cross-Channel, constructed by USBR in 1944, still helps to supply

81n reaching this conclusion, the Plan’s authors drew on several studies conducted
in the 1920s, including a 1925 study by the U.S. Bureau of Reclamation (USBR), a 1928
privately financed study on the economics of the barrier (the “Means Report”), a 1929
study for the Department of Public Works (Young, 1929), and the report of the joint
federal-state commission appointed in 1930 (the Hoover-Young Commission). Among
these, the only report to advocate a barrier was the USBR report. See Jackson and Paterson

(1977).
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the Contra Costa and Delta-Mendota Canals, which entered service in
1948 and 1951, respectively.

The CVP has also been responsible for some major upstream diversions
of water from both the Sacramento and San Joaquin Rivers. Following the
construction of the Friant Dam (1942) and the Friant-Kern Canal (1948),
the CVP began diverting San Joaquin River water to supply irrigators on
the east side of the San Joaquin Valley. Subsequent investments on the west
side of the Sacramento Valley, notably the Tehama-Colusa Canal (1980),
also increased upstream diversions from the Sacramento River.

The CVP was successful in its primary goals: expelling salt water from
the Delta by way of controlled releases from Shasta Reservoir and supplying
fresh water to irrigators and some urban users in the San Joaquin Valley
and areas west of the Delta. The project also provided benefits to power
generation and navigation. However, it was less successful in providing
additional flood control protection. Levee failures continued to occur
in the Delta whenever the surface elevations of water channels exceeded
four feet above mean sea level for more than 48 hours. Moreover, the
CVP investments in water supply and salinity control were not considered
adequate over the long run, given the anticipated growth in demand for
water exports. Since the 1940s, a series of investigations have explored
longer-term solutions to these issues. Salinity management in the Delta
remains a major issue for the CVD.

The State Water Project

In 1960, California voters authorized the first phase of the State Water
Project, which aimed to extend water deliveries from northern watersheds
to Southern California cities and to farmers in the Tulare Basin that were
beyond the reach of the CVP. Although this project ultimately adopted the
same basic approach to water exports as the CVDP, relying on the Delta as a
transfer point, this approach was not a foregone conclusion. Options that
surfaced (or resurfaced) included a saltwater barrier, a highly reengineered
and simplified Delta, and a peripheral canal. Investigations into the
first two options took place in the 1950s. Peripheral canal investigations
continued well into the 1970s, as part of the consideration of the SWP’s
expansion.
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The foundation of the State Water Project was laid in the 1950s,
through a series of proposals, plans, and legislative actions. In 1953, the
state legislature passed the Abshire-Kelly Salinity Control Barrier Act to
reexamine the need for a saltwater barrier. The state Division of Water
Resources hired a Dutch consultant, Cornelius Biemond, who was Director
of Water Supply for Metropolitan Amsterdam. Biemond rejected the idea
of a barrier, proposing instead to reduce the Delta’s 1,100 miles of levees to
a 450-mile system of master levees. This plan included the construction of
both a siphon to take Sacramento River water under the San Joaquin River
on its way south and a barrier at the confluence of these two rivers.

By 1957, the newly formed Department of Water Resources discarded
the concept of a saltwater barrier in favor of a somewhat modified Biemond
Plan and recommended it to the governor and legislature as part of the
State Water Project (Department of Water Resources, 1957). Under this
proposal, water would be transferred through both a trans-Delta system
(the Biemond Plan) and an Antioch Crossing Canal, along the Delta’s
western edge. Three pumping plants in the south Delta near Tracy would
pump supplies farther southward. The Biemond Plan would isolate many
Delta channels from tidal action, allowing salinity to be controlled with
one-third of the available freshwater low. In 1959, the Water Resources
Development Act was passed to pay for the first phase of the SWP; it was
approved by the voters in 1960.

Perhaps reflecting the growing political savvy of Delta interests, the
SWP ran into greater public acceptance obstacles than the CVP had. As
a precondition to the SWP’s advancement, the legislature passed the Delta
Protection Act of 1959, which established the legal geographical boundaries
of the Delta and stipulated that the state-run SWP, in coordination with
the federally run CVP, would be required to maintain Delta water quality
standards (i.e., sufficiently low salinity to permit farming and other
economic uses). However, Delta interests remained concerned about water
quality, and in 1961, the State Assembly Interim Committee of Water
rejected the Biemond Plan, stating that it was an imposed solution rather
than one worked out in consultation with local interests.

While work began on the SWP’s main storage and conveyance
components—Oroville Dam and the California Aqueduct—deliberations
continued on the ultimate solution for moving water from north to south.
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An Interagency Delta Committee was formed to examine Delta water
problems. As one alternative, USBR revised the peripheral canal proposal
from the 1940s.” The committee also examined options for keeping the
entire Delta fresh, either with a physical barrier at Chipps Island on the
Delta’s western edge or through the continued use of controlled reservoir
releases to maintain a hydraulic saltwater barrier.

In 1964, the committee released its Proposed Report on Plan of
Development, Sacramento—San Joaquin Delta, again recommending the
peripheral canal but with several refinements, including an increase in the
volume of diversions from the Sacramento River to supply south-of-Delta
users. The report stressed the intangible environmental benefits of the
canal and proposed further work to safeguard the water supplies of western
counties. In public hearings, only Contra Costa County raised objections
to the canal proposal, while environmental groups remained supportive of
it.

The peripheral canal was on its way to becoming a reality. By 1966,
DWR had officially adopted the canal as a part of the State Water Project
and had reached agreements on cost-sharing provisions with USBR. Public
meetings were held to gather local input on proposed canal alignments.
While waiting for congressional authorization, the new director of
DWR placed the project design on hold but continued with right-of-way
purchases. In 1969, USBR released its economic feasibility study and
recommended that Congress approve the project. Both chambers of the
California legislature issued strong endorsements of the canal. Despite its
promising start, this version of the peripheral canal never came to be—
other forces were at work that changed the course of the debate about the
Delta.

Environmental Concerns Change the Course of Delta
Policy Debates
The SWP’s plans would all change over the following decade, as

California, like the nation as a whole, witnessed the rise of environmental
concerns. This shift in public attitudes was reflected in new legal and

9The proposal was launched in the committee’s 1963 report, Report of the Interagency
Delta Committee for Delta Planning (Jackson and Paterson, 1977).
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regulatory frameworks for pollution control and species protection. The
Delta and its tributary watersheds, home to many unique aquatic species,
would become a focal point for these new concerns. One casualty would be
the build-out of the State Water Project, as northern rivers slated as sources
for additional upstream storage were declared “Wild and Scenic” and off
limits for new reservoirs or diversions. Another casualty would be the
peripheral canal, which eventually drew strong environmental opposition.

The wave of new environmental legislation began in the mid-1960s,
with a succession of federal laws regarding water quality and species
protection—the National Wilderness Preservation Act (1964), the Federal
Endangered Species Preservation Act (1966, a precursor to the 1973
Endangered Species Act), the National Wild and Scenic Rivers Act (1968),
the National Environmental Policy Act (1969), the Clean Water Act (1972),
and the Safe Drinking Water Act (1974). California’s legislature was
equally active in the environmental arena, passing comparable bills at the
state level.

As species protection became an explicit goal in the Delta, alongside
the maintenance of fresh water for human uses, perceptions of the effects of
water diversions and the nature of water quality problems began to change.
In 1971, the State Water Resources Control Board (SWRCB) adopted
Water Rights Decision 1379, establishing water quality standards for the
CVP and the SWP that included new outflow requirements for the San
Francisco Bay—Delta Estuary and a comprehensive monitoring program to
follow changes in environmental conditions. This decision, stayed by court
order in response to lawsuits filed by San Joaquin Valley irrigation districts,
marked the beginning of a series of legal and regulatory battles over Delta
water quality standards for the environment.!”

101 1978, the SWRCB adopted a new water quality control plan for the Delta
and Suisun Marsh (the 1978 Delta Plan) and set new Delta water quality standards with
Decision 1485 (D-1485), again focusing on environmental as well as human water quality
needs and implying greater restrictions on water exports. Following successful legal
challenges at the trial court level, the 1986 “Racanelli Decision” affirmed the SWRCB’s
broad authority and discretion over water rights and quality issues, including jurisdiction
over the CVP. The SWRCB was ordered to prepare a new plan for Delta flows and export
guidelines with a greater environmental emphasis. This new draft, put forth in 1988, was
withdrawn the following year amid controversy over its legal and water rights implications.
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Defeat of the Peripheral Canal

During the 1970s, the peripheral canal plan was also subject to
increased environmental scrutiny. Although the canal was initially
promoted as having environmental benefits in addition to the primary
benefit of controlling the salinity of Delta water exports, these benefits were
not spelled out in any detail in the reports of the 1960s. Subsequent reports
were more mixed. Controversy around the plan began to build, generating
considerable debate, including lawsuits, over several years.!! In the end, the
canal was beaten in the court of public opinion. By the time it was put to
a referendum in 1982, an alliance of environmentalists and northern water
interests, with backing from some Tulare Basin farmers who feared water
high costs (Arax and Wartzman, 2005), successfully argued that the canal
would be bad for the environment and Northern California water rights.
Large majorities of Northern California voters rejected the perceived water
grab by Southern California.!?

Drought Intensifies Conflict

In 1987, California entered a multiyear drought that severely reduced
available flows from the Delta’s two main watersheds. As the drought
wore on, it provoked conflict over the amount of water reserved for
environmental flows. Initially, CVP and SWP exports were not cut, and
both environmentalists and fisheries agencies raised concerns over the
consequences for important fish species that depended on the Delta. In
1989, the Sacramento River winter-run Chinook salmon was listed as

1111 1970, a preliminary report from the U.S. Geological Survey suggested that the
southern San Francisco Bay could suffer from reduced Delta outflows. A 1973 report by the
director of the California Department of Fish and Game endorsed the canal for correcting
adverse conditions in the Delta for fish (notably problems caused by pumping in the
southern Delta), but it also stressed the importance of maintaining adequate flows within
the Delta itself and of involving fisheries agencies in the decisionmaking process (Arnett,
1973). That same year, a student uncovered an unknown, preliminary report from the
federal Environmental Protection Agency (U.S. EPA) that was highly critical of the canal.
The student gave the report to the Friends of the Earth and it was made public. DWR
published a 600-page draft Environmental Impact Report in August 1974 with only minor
changes from the 1969 design. In the early 1970s, environmental groups filed a series of
complaints and lawsuits on a range of procedural issues relating to federal involvement and
permitting of the peripheral canal (Jackson and Paterson, 1977; Hundley, 2001).

1211 Northern California counties, the “no” vote consistently exceeded 90 percent.
Strong majorities in all San Joaquin Valley counties except Kern also rejected the canal.
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threatened under the federal Endangered Species Act and as endangered
under its state counterpart, and DWR and USBR agreed to build salinity
control gates in Suisun Marsh and make other efforts to preserve the
habitat in the marsh.

With the drought still in full force, water exports to some San Joaquin
Valley farmers were reduced in 1991 to maintain minimum environmental
flows. The following year, water users were dealt several legal and legislative
blows.!13 By 1993, a crisis was erupting. The delta smelt was listed as a
threatened species, and other listings began to follow (Table 2.2). The
federal EPA threatened to impose stricter water quality standards for
the estuary that would severely curtail water exports. Under the threat
of a regulatory hammer, water users agreed to work with environmental
interests to forge a new plan for the Delta that would comprehensively
address both water user and environmental concerns. In December 1994,
the signing of the Bay-Delta Accord marked the beginning of the CALFED

cra.

The CALFED Era: Testing the Limits of Consensus

CALFED sought to involve the full array of relevant federal and state
agencies, together with local and statewide stakeholders, to form a new plan
for the Bay-Delta. The CALFED process continued in earnest for roughly
a decade, funded primarily with state bond monies and some limited
federal contributions.

One of CALFED’s early efforts was to review and compare strategic
alternatives for the Delta. Over 20 diverse conceptual alternatives
were initially reviewed and briefly discussed, but little formal analysis
was published (CALFED, 1996). The CALFED Record of Decision
(ROD) was signed in mid-2000 by all agencies with authority over Delta
operations, and it advocated the continuation of the through-Delta strategy
for water exports. All four of CALFED’s main goals (water supply

13The courts upheld that an irrigation district must cease pumping during peak
migration times for endangered Chinook salmon and that the CVP must release flows
sufficient to protect downstream fisheries. Congress then passed the Central Valley Project
Improvement Act (CVPIA), a central component of which was a requirement that the CVP
commit 800,000 acre-feet/year (or roughly 10 percent of total deliveries) to support fish

and wildlife.
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Table 2.2

Status of Fish Species in the Sacramento—San Joaquin Delta Watersheds

Species Year Status
Sacramento River winter-run Chinook 1989  Endangered (CESA)
salmon Threatened (ESA)
Delta smelt 1993  Threatened (ESA and CESA)
Sacramento River winter-run Chinook 1994  Reclassified as endangered (ESA)
salmon
Sacramento splittail 1995  Species of concern (CESA)?
Longfin smelt 1995  Species of concern (CESA)
Sacramento perch 1995  Species of concern (CESA)
River lamprey 1995  Species of concern (CESA)
Central Valley steelhead trout 1998  Threatened (ESA)
Central Valley spring-run Chinook 1999  Threatened (ESA)
salmon
Sacramento River drainage spring-run 1999  Threatened (CESA)

Chinook salmon

Central Valley fall-run and late-fall-run 2004  Species of concern (ESA)
Chinook salmon

Southern green sturgeon 2006  Threatened (ESA)

SOURCE: Department of Fish and Game (2006a), available at www.dfg.ca.gov/
hepb/species/t_e_spp/tefish/tefisha.sheml.

NOTES: ESA and CESA refer to the federal and California Endangered Species
Acts, respectively.

3The Sacramento splittail was listed as threatened under the ESA in 1999 but was
removed from the list in 2003.

reliability, water quality, ecosystem restoration, levees) were based on this
strategy and were not to be revisited until 2007. The maxim that “everyone
would get better together” tied all fates to this single approach.

CALFED proved to be a fragile truce. As discussed in more detail in
Chapter 5, by the tenth anniversary of the Bay-Delta Accord, stakeholder
frustrations were widespread. Water exporters were frustrated with slow
movement to augment water supplies, which in some cases meant restoring
supplies that had been reduced to support the environment. In-Delta users
were discouraged by the limited progress on dealing with Delta salinity
and water quality. Environmental interests remained concerned that water
export goals were taking precedence over ecosystem protection—a concern
that turned into alarm when the news broke about precipitous drops in
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the delta smelt and other pelagic fish species. And Delta landowners and
farmers were frustrated over limited funds for levee improvements and
maintenance, which had previously received some state funding but were
not a priority for CALFED funds.

Arguably, CALFED was not designed to deal with some of the
problems that have recently emerged. New research on the long-term risks
associated with Delta levees, the significant levee breach on Jones Tract in
the summer of 2004, and the devastating effects of levee breaches in New
Orleans all made the levee issue more urgent than it had been in the years
leading up to the CALFED ROD. Similarly, CALFED?s initial ecosystem
focus was on restoring salmon runs, in part because delta smelt and other
pelagic organisms were less understood. The recent severe declines in these
fish populations caught most experts by surprise.

CALFED was also founded on the implicit assumption that the Delta
would not face the urbanization pressures that have become apparent over
the past few years. This assumption may have been justified in the early
to mid-1990s, particularly in light of the passage of the Delta Protection
Act of 1992, which reserved most Delta lowlands for agricultural and
environmental uses. However, since the late 1990s, a housing boom has
swept the Central Valley, and today a number of large projects are slated for
development in lowland areas that are exempt from the act’s restrictions.
In addition, recent concerns about urban flood risks behind agricultural
levees, state liability for failure of project levees (following the 2003 Paterno
decision), and the long-term environmental effects of urbanizing Delta
islands have raised urbanization as a serious long-term issue for Delta
management. 4

But CALFED also suffered from some fundamental design flaws,
particularly with regard to financing. CALFED parties agreed to a
principle of “beneficiary pays,” but in practice, the implications for user
contributions were never fleshed out. The program was launched at the
height of the dot-com boom, when the state enjoyed windfall surplus
revenues, and it relied on unrealistic expectations of massive state and
federal taxpayer funds. Serious, long-term funding proposals were never
developed. This lack did not matter so much in the first years after

14For more on Paterno, see Department of Water Resources (2005a).
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the signing of the ROD, because $1.5 billion in state bond funds was
earmarked for the program (de Alth and Rueben, 2005). But by 2005,
when most bond funds had run out, legislative frustration over the lack
of a realistic plan for beneficiary contributions spelled the end of most
CALFED activities.

CALFED did achieve some notable successes. Major improvements
were achieved in interagency coordination. Considerable progress was
made in ecosystem restoration in several watersheds upstream of the Delta.
Water transfers have become largely accepted statewide, with success during
the 1987-1992 drought followed by a very successful Environmental Water
Account (Hanak, 2003). Improvements in water conservation efforts have
continued, and funding for research has brought more data and some new
thinking to Delta ecological problems. Ultimately, however, the program
suffered from a failure of political processes to come to long-term agreement
without continued massive taxpayer subsidies. In light of the new problems
facing the Delta, it now appears that the CALFED premise that everyone
can get better together may be unrealistic.

The Lessons of Delta History

The Delta’s short history of European settlement has seen major
changes in the form, use, and settlement of land in the Delta. Before
European settlement, the Delta was a massive tidal marsh, with significant
seasonal variations in flow and salinity, as well as large interannual
variations caused by floods and droughts. This era was followed by a period
of land reclamation for agriculture, which, for better or worse, created
much of the Delta’s current landscape. Marsh reclamation reduced tidal
flows, but upstream diversions in the Sacramento Valley increased salinity
intrusion into the central Delta during dry seasons of dry years, processes
clearly understood in the 1930s.

The prospect of major water exports from the Delta made salinity
intrusion a primary concern for all water users within the Delta. Various
strategies, including saltwater barriers, were considered early on. By the
1930s, a hydraulic barrier, consisting of Delta outflows from upstream
reservoirs, was selected as the primary means of salinity control for
agricultural and urban water users. Using this approach, both in-Delta
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users and water exporters could agree on a need to keep the Delta always
fresh.

The notion of an always-fresh Delta supported by persistent net Delta
outflows has endured for over 70 years, but it is not aging well. This
management strategy retains support from in-Delta users, but water
exporters have come to see increasing risks from this approach, for reasons
described in Chapter 3. In Chapter 4, we will examine changes in our
understanding of the Delta ecosystem, which also cause us to doubt
the wisdom of continuing with this strategy. Because of the history of
profound and widespread change in the Delta, we are long past the point
where the Delta can be “restored” to past conditions, whether it be the pre-
European Delta or the bucolic agricultural Delta. No matter what we do,
the Delta of the near future will be very different from past Deltas.

Delta history provides insight into the processes by which Californians
have sought solutions to collective problems in this pivotal region. And as
this history suggests, these processes have rarely been simple or smooth.
At several points over the last century, strenuous efforts have been made
to provide solutions to the Delta’s problems, and these solutions have
been followed by major investments in the chosen strategy. From the
1890s to the 1910s, the Debris Commission worked on Central Valley
flood control. Later, state and federal efforts developed the 1930 State
Water Plan and executed the Central Valley Project; investigations in the
1950s led to the development of the State Water Project. In more recent
times, as environmental concerns have become central in Delta policy
considerations, the search for solutions appears more constrained. Thus,
CALFED worked under the premise that the Delta’s basic configuration
should remain unchanged and that environmental goals could be satisfied
simultaneously with those of exporters and in-Delta interests. Given the
crisis now looming in the Delta, it is once again time for California to
launch a serious search for solutions, both old and new.
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3. Drivers of Change Within the
Delta

« . . »
e danger 1S never so near as when you are unprepared fOl‘ 1t.

Francis Parkman (1849), The Oregon Trail

As we have seen in the last two chapters, the Delta has provided an
array of services to the people and economy of California for the past
150 years. These diverse services—ranging from water supply to farming
to shipping to recreation—have all required some manipulation of the
hydrology and the landscape of the Delta. The construction of dikes and
the draining of marshlands to support farming is the most regionally
significant and visible physical manipulation. Maintaining water quality
standards to sustain exports, in-Delta water diversions, and ecosystem
needs has required sophisticated hydrologic and landscape engineering.
Even low-profile services, such as hunting, fishing, and boating, require
significant maintenance interventions.

The development of the Delta has completely transformed the region,
leaving no significant remnants of the original landscape (Bay Institute,
1998). This transformation has been both dramatic and, on a geological
time scale, instantaneous. When framed within the overall changes
in California since the gold rush, the scope and scale of the Delta’s
transformation is on par with other rapid changes throughout the state,
particularly within the major urban centers and the agricultural valleys.
The Delta, like many other regions of California, exhibits a complex mix
of natural responses to human-induced changes and has experienced
numerous unintended and often undesirable consequences. If present
trends continue, several uncontrolled hydrologic, ecologic, and landscape
changes will occur into the indefinite future and pose great threats to
the sustained provision of Delta services. Unfortunately, these changes
appear to be outpacing the abilities of both the scientific community and
policymakers to keep up.

All naturally evolving landscapes undergo a process of constant
feedback between landscape processes and such drivers of landscape change
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as tectonic activity (changes resulting from movements in the Earth’s
crust), sea level change, and climate change. This process is particularly
pronounced in estuarine, coastal, riverine, and deltaic systems, in which
subtle changes in certain landscape drivers, including runoff, sediment
supply, and tide and wave energy, are accommodated by corresponding
changes in patterns of deposition, erosion, and landscape form (Pethick
and Crook, 2000; Reed, 2002). In theory, this kind of feedback maintains
a dynamic equilibrium, in which the landscape is in rough balance with
the forces acting on it, even as it changes over the long term. In practice,
because of human activity, the Delta is in profound and increasing
disequilibrium with the forces currently operating on it.

This chapter outlines several key drivers of change within the Delta.
The focus here is on natural and human-driven changes that not only affect
our ability to benefit from Delta services but are also likely to significantly
reduce the quality of these services in the future. The six key drivers,
discussed in a recent CALFED report by Mount, Twiss, and Adams
(20006), include land subsidence, sea level rise, seismicity, regional climate
change, alien species, and urbanization.

Subsidence and Sea Level Rise

The most significant and enduring effect on Delta landscapes has been
the conversion of roughly 450,000 acres of freshwater tidal marsh into
farmland during the late 1800s and early 1900s. The draining and tilling
of the Delta’s organic-rich soils initiated a period of subsidence, a rapid
lowering of land surface elevations of Delta islands perhaps unmatched
in the world. The location and magnitude of subsidence has been and
will continue to be the greatest influence on the Delta’s landscape and is a
fundamental constraint on future efforts to manage the Delta’s services.

The exceptional subsidence of the Delta stems from its unique geologic
setting and historical land use practices. For more than 6,000 years, the
Delta was a freshwater tidal marsh (Shlemon and Begg, 1975; Atwater,
1982) consisting of a complex network of tidal channels, sloughs, “islands”
composed of tule marsh plains, complex branching (“dendritic”) water
channels, and natural levees colonized by riparian forests (Bay Institute,
1998). A slow rise in sea level and gradual regional tectonic subsidence
(subsidence of the land resulting from flexure of the Earth’s crust) created
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what geologists refer to as “accommodation space” and made room for the
relatively continuous accumulation of large volumes of sediment within the
Delta (Atwater et al., 1979; Orr, Crooks, and Williams, 2003). Analysis
of core samples by Shlemon and Begg (1975) and Atwater (1982) suggests
that as accommodation space was formed by sea level rise over the last
6,000 years, it was quickly filled by the deposition of inorganic sediment
from the Sacramento and San Joaquin Rivers and a similar amount of in
situ production of organic material in the tule marshes. The preservation of
this material, as the peat soils of the Delta, benefited from the oxygen-poor
conditions within saturated soils of the marshes.

These natural patterns were substantially altered by reclamation in
the late 1800s and early 1900s (Mount and Twiss, 2005). As we saw in
Chapter 2, to farm the organic-rich soils, farmers needed to drain the
islands. This involved constructing levees around the islands, filling
most tidal channels and sloughs, and, most important, lowering local
groundwater tables below crop root zones by constructing perimeter
drains.! The draining of Delta soils caused widespread elevation loss.? This
process was exacerbated by destructive land use practices, including peat
burning and tillage, which promoted wind erosion (the most destructive
practices are no longer used). The pace of subsidence was exceptional,
exceeding four inches per year on some islands with the most intensive
practices. Today, all islands of the Delta that contained peat soils and were
used for agriculture have subsided; most in the central and western Delta lie
more than 10 feet below today’s mean sea level (Figure 3.1).3

Modeling Subsidence

The rapid loss of island elevation during the 20th century created a new
form of human-induced or “anthropogenic” accommodation space below
sea level. This space has no natural analog. It has not filled with either
sediment or water, as would occur normally in an estuary capable of natural

ISuch drainage systems prevent waterlogging of a property—in this case, the Delta
island. For an illustration, see Figure 3.1.

2See Deverel, Wang, and Rojstaczer (1998) and Deverel and Rojstaczer (1996).
Contributing factors included microbial oxidation of organic matter, consolidation as a
result of dewatering, and compaction of underlying soils.

3For a map of subsidence levels in the Delta, see Figure 2.4.
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Attribution License.

Figure 3.1—Conceptual Diagram Illustrating the Historical and Future
Trajectory of Island Subsidence in the Delta

adaptation but is instead filled with air (as shown in the second and third
panels of Figure 3.1).

Using a simplified geographic model, Mount and Twiss (2005) tracked
the formation of this accommodation space in the Delta over the past 100
years. Their results indicate that more than 3.4 billion cubic yards of space
has been created, roughly equivalent to 70,000 football fields 30 feet deep,
or the volume of material used to construct Rome (Hooke, 2000). Mount
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and Twiss then used the same model to project future subsidence in the
Delta over the course of the next 50 years. This model assumed that the
Delta would continue to be farmed and that peat oxidation would continue
to generate accommodation space. It also factored in sea level rise over the
next 50 years, which magnifies the effect of subsidence by increasing the
differential between interior island elevations and water surface elevations.
The results, summarized in Figure 3.2, suggest that under business-as-usual
conditions, the Delta will generate an additional 1.3 billion cubic yards of
accommodation space. However, the patterns of subsidence will change
during this time. In the southern Delta and portions of the eastern Delta,
where farming practices have completely removed the peat soils, sea level
rise is the only driver of new accommodation space. But in the central,
western, and northern Delta, if the lands continue to be farmed, subsidence
will continue for much of the next century—in other words, agriculture
will also drive the creation of accommodation space (Figure 3.3).

Subsidence, Sea Level Rise, and Levee Failure

The creation of accommodation space by human activity has the
unintended effect of putting the landscape in considerable disequilibrium.
Water is seeking to refill the subsided islands. This state of imbalance is
maintained by more than 1,100 miles of artificial levees (Department of
Water Resources et al., 2002), which are increasingly subject to failure.
Levee failure and subsequent island flooding can have many causes
(including such mundane things as burrowing by beavers and ground
squirrels), some of which have no direct relationship to the magnitude of
land subsidence. However, on a regional and local scale, the difference
between interior island elevation and adjacent channel water surface
elevation is a useful measure of the relative magnitude of the forces acting
on levees. The greater these forces, the greater the potential for water
seepage through and under levees—a common cause of levee failure.

Mount and Twiss (2005) developed a simplified measure of levee
failure potential in the Delta as a function of island subsidence and sea level

4Conservative estimates of sea level rise were factored into the model using values
provided by the Intergovernmental Panel on Climate Change (2001).
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Figure 3.2—Historical and Projected Changes in Anthropogenic
Accommodation Space and Cumulative Hydrostatic Force in the Delta

rise over the next 50 years. They calculated the hydrostatic forces (that is,
the pressure exerted by water) acting on levees throughout the Delta; these
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NOTE: The regional designations shown here were used to calculate pressures on
the levees, as depicted in Figure 3.2. They often differ from areas of the Delta
discussed elsewhere in this report. For instance, the “western” region shown here
extends farther to the north and east than the area considered for fluctuating Delta
salinity in subsequent chapters.

Figure 3.3—Delta Regions Subject to Different Long-Term Pressures on Levees

forces increase with the squared difference between land and water heights.

For each island, they estimated total hydrostatic force over the island’s
entire levee length. Using this approach, they found that deeply subsided
islands have a high cumulative hydrostatic force and thus a high potential
for failure. Islands with long levee lengths also have a high potential for

failure because of the greater opportunity for hydrostatic pressure to exploit

local levee weaknesses. Deeply subsided islands with long levee lengths are
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at the highest risk of future failure. Figure 3.2 depicts the historical and
projected changes in cumulative hydrostatic force. These estimates indicate
that the central and western Delta, in particular, will be increasingly
vulnerable to levee failures and island flooding over the next 50 years and
into the indefinite future.

Lewvee Policy

Although the Central Valley flood control system established in the
1910s set minimum heights for Delta levees, state regulatory involvement
in the many privately owned levees remained negligible for most of the
20th century. Following the large 1986 flood in the Central Valley, which
exposed the poor condition of Delta levees, the state legislature established
new levee standards and launched a program of financial support.
Supported by Senate Bill 34, the Delta Levee Subventions Program
provided funds to maintain and upgrade levees, with the goal of raising
levee crowns to one foot above the estimated 100-year flood stage height
to meet State Hazard Mitigation Plan standards (Department of Water
Resources, 1995). A long-term goal for the Delta is to meet Federal Public
Law (PL) 84-99 standards for agricultural levees.

The subventions program, which dedicated roughly $110 million
in state funds and $90 million in local matching funds to Delta levees
between 1988 and 2005, has noticeably improved the conditions of many
levees. However, it is important to recognize the program’s limitations.
Upgrading levees to meet the program’s target elevation does not guarantee
that Delta levees will not fail during a 100-year flood event (100-year floods
have a probability of 1 percent of occurring in any given year). The one-
foot difference between the estimated 100-year flood stage height and the
levee crowns, particularly in a region subject to very high winds during
floods, is insufficient to prevent levee failure. Moreover, the subvention
program did not address the interior or the foundation of most levees, so
seepage under and through levees remains an important threat during high
water flows and could cause levees to fail even before they are overrun by
floodwaters. Finally, the 100-year standard elevation estimate was based
on 1986 hydrology rather than current hydrology, which takes into account
changes in runoff conditions (discussed below). The National Flood
Insurance Program maps, which have not been updated recently, place
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the entire Delta into the 100-year floodplain, reflecting the relatively low
level of protection that the levees provide. It is reasonable to assume that
in the future, large inflows of water into the Delta will inevitably result in
multiple island failures.

Seismicity

For more than 30 years, DWR has warned that earthquakes pose
considerable risk to Delta levees (Department of Water Resources, 1995).
At least five major faults lie within close proximity to the Delta and are
capable of producing significant ground accelerations. Poor foundation
soils and poor-quality levee construction materials lead to a high risk of
failure caused by liquefaction and settling.> Multiple seismic risk studies
conducted for the Bay Area indicate a very high potential for major quakes
in the region in the near future.®

In a report prepared for the CALFED Levee System Integrity Program,
Torres et al. (2000) showed that ground accelerations from moderate
earthquakes (magnitude 6.0, with a probability of recurring on average
every 100 years) are capable of causing multiple levee failures. The highest
risk of levee failure is in the western Delta, because of deep subsidence, poor
foundations, and proximity to several significant seismic sources. However,
a medium to high risk of catastrophic levee failures exists for almost all the
central Delta as well.

Some local Delta engineers judge that seismicity is not a problem for
the Delta because no local levee collapses have occurred from earthquakes
in the past. However, there have been no significant ground accelerations
in the Delta since the 1906 earthquake, before tall levees were constructed
to protect subsided islands. The levees that now protect deeply subsided
islands have not yet been tested. Moreover, the State Hazard Mitigation
Plan and federal PL 84-99 standards do not address the susceptibility of
levees and their foundations to failure during seismic shaking. Upgrading
levees to meet PL 84-99 standards—at an estimated cost of roughly

SLiquefaction is the tendency of some soils to behave like a liquid when shaken, as
happened in the Marina District of San Francisco during the 1989 earthquake.

6See hetp//quake.usgs.gov/research/seismology/wg02/.
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$1 billion to $2 billion—will do little to reduce the potential for failure
during earthquakes.

Seismicity poses a significant threat to the management and
maintenance of current and future services provided by the Delta.
Preliminary consequences of a rare, large quake would likely be that 16
or more islands would flood, principally within the central and western
Delta (Jack R. Benjamin and Associates, 2005). All modeling to date
indicates that this flooding would significantly alter the volume of the tidal
prism (i.e., the volume of water moved during each tidal cycle) and local
hydrodynamics with severe, prolonged disruptions in water quality and
aquatic habitat.

The risk of sudden change in the Delta is quite high. In a simplified
review of this risk, Mount and Twiss (2005) evaluated the probability of
a major event that would significantly and perhaps permanently change
the configuration of the Delta abruptly. Their analysis highlighted two
sources of potential dramatic change: major seismic events and floods
that are likely to recur every 100 years or less. Their calculations show
that the probability is roughly two-in-three that during the next 50 years
either a large flood or seismic event will affect the Delta. However, this
analysis underestimates the actual probabilities for two reasons. First,
strain continues to accumulate on Bay Area faults, increasing the annual
risk of seismic activity. Second, current calculations of the size of a 100-
year flood in the Delta are based on outdated hydrology data, which neglect
the much higher inflows from rivers feeding into the Delta in recent years.
In sum, the Delta is likely to change significantly and abruptly during the
next generation. Sudden catastrophic change would be a very hard landing
indeed for those depending on the Delta.

Regional Climate Change

Approximately 50 percent of California’s average annual runoff, derived
from roughly 45 percent of its surface area, flows to the Sacramento—San
Joaquin Delta. The magnitude, timing, and duration of these inflows
are, along with tides, the major influence on the physical and biological
conditions that dictate the services that can be derived from the Delta.
Regional climate change, driven principally by the Earth’s warming in
response to increases in greenhouse gasses, is currently affecting inflows
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to the Delta and will continue to affect them into the indefinite future
(Knowles and Cayan, 2004; Hayhoe et al., 2004; Department of Water
Resources, 2000).

Since the latter half of the 20th century, there has been a general trend
toward increasing hydrologic variability and changes in the timing of runoff
in the western United States (Jain, Hoerling, and Eischeid, 2005; Stewart,
Cayan, and Dettinger, 2004). This trend has been particularly pronounced
for the Sierra Nevada mountains and the Central Valley (Aguado et al.,
1992). The region also has witnessed increased frequency and intensity
of extreme rainfall events. Additionally, there has been a long-term shift
in the seasonal pattern of runoff, with peaks shifting from spring toward
winter (Dettinger et al., 2004). These changes in runoff are consistent with
the results of regional climate models.”

Most modeling efforts predict that in the coming century, California
will see a continuation of the hydrologic and climatologic trends established
in the latter half of the 20th century (Dettinger, 2005). Warming trends
will continue, with an increase in average annual temperatures of 2°F to
5°F by the 2030s and 4°F to 18°F by 2100 (Hayhoe et al., 2004). Recent
work suggests significant increased interannual variability (vanRheenan
et al., 2004) with the potential for increased frequency of both critically
dry and wet years (Maurer, 2006) and significant declines in summer
and fall inflows to the Delta because of shifts in the timing of snowmelt
runoff (Zhu, Jenkins, and Lund, 2005; Miller, Bashford, and Strem, 2003).
Additionally, regional models generally depict significant increases in the
number of large winter storms, with associated increases in high winter
inflows to the Delta.

The effects of ongoing and future changes in climate and runoff on
the Delta have not been well documented to date, but they are the subject
of numerous research efforts. Water resource and flood management
operations will be able to mute many of the effects of climate change,
with the possible exception of increases in water temperature associated
with increases in ambient air temperatures (Tanaka et al., 2006). However,

7To derive predictions for individual regions such as California, global climate
models, known as General Circulation Models (GCM), are “downscaled.”

8For a summary, see Department of Water Resources (20006).
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all changes point toward a long-term, multidecade decline in the quality

of Delta services. First, the increased frequency and magnitude of winter
floods in the Delta will exacerbate pressures on the levee network, raising
the cost of maintenance and increasing the likelihood of widespread, multi-
island floods. In principle, reservoir operations can be altered to reduce the
peak flood flows. In practice, however, there is likely to be growing conflict
between flood control and water supply goals for reservoir management. To
make sure that they store enough water for summer use, managers will face
pressure to fill reservoirs during the winter rather than during the spring
when runoff is likely to be less reliable. Yet such a strategy might increase
flood risks, given the growing likelihood and magnitude of winter floods.
Second, climate change is likely to introduce significant water quality costs.
Currently, during low inflow periods, water quality in the Delta is generally
poor, owing to the poor water quality of the San Joaquin River and to
salinity intrusions from the Bay, coupled with increases in the influence

of tides. Over the course of the next century, the shift in timing of runoff
from spring to winter and the increase in frequency of critically dry years
suggest long-term declines in Delta water quality, with a wide range of
effects.

Alien Species

The San Francisco Bay—Delta is arguably one of the most invaded
estuaries in the world (Cohen and Carlton, 1998). More than 250 alien
species of aquatic and terrestrial plants and animals have entered the
estuary since the first arrival of Europeans, with most indications showing
that the pace of invasions has increased in recent decades (Figure 3.4). At
least 185 alien species now inhabit the Delta and have profoundly changed
Bay-Delta food webs and habitats, generating an array of effects—mostly
negative—on native species. They also contribute to levee problems (e.g.,
burrowing by muskrats and crayfish), impede navigation (e.g., floating mats
of water hyacinth), and otherwise cause economic damage. Today and for
the indefinite future, we are managing an ecosystem composed of a mix of
native and alien species that are in constant flux, as native species decline in
abundance, new alien species invade, and established aliens wax and wane
in numbers.
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Figure 3.4—Estimated Number of Alien Species Within the San Francisco
Estuary, 1850-1990

Although we have an improved ability to predict the effects of species
invasions (e.g., Moyle and Marchetti, 2006), the process of invasion
remains highly idiosyncratic in terms of which aliens will be most
successful and change the ecosystem they invade. Nevertheless, several
alien species not yet established in the Delta, such as the zebra mussel, are
likely both to invade and to have large effects (Table 3.1). Invasions of
alien species continue because efforts to halt new invasions have been small
compared to the magnitude of the problem (e.g., Nobriga et al., 2005). For
this reason, invasions by alien species and changes in the abundance of
established alien species are another driver of change in the Delta. (Chapter
4 discusses this issue in greater depth.)

Urbanization

Although population growth has slowed in California in recent
decades, the absolute population increases anticipated over the coming
decades remain dramatic. By 2025, the state is expected to add another
nine million residents—more than the population of the state of Ohio—
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to reach 45 million (Johnson, 2005). The most recent update of the
California Water Plan assumes that the population may then double—
reaching 90 million residents—by 2100 (Department of Water Resources,
2005¢). Following trends of the past two decades, much of this growth
is expected to occur in the state’s inland areas, including the regions
bordering the Delta. Such growth will significantly increase both the
demand for Delta services and the effects of human activity on the Delta.
A growing and seemingly inevitable consequence has been the conversion
of Delta farmlands to subdivisions. Estimates prepared by the California
State Reclamation Board suggest that as many as 130,000 new homes are
currently in the planning stages within the Delta.

Although urbanization can be controlled through regional land
use planning mechanisms, there has been little political will to address
the issue. Without a dramatic change in state policy, urbanization will
powerfully influence the quality of services provided by the Delta. The
effects will be seen in two principal ways. First, unlike most other activities
in the Delta, urbanization is generally irreversible, barring a catastrophic
event like Hurricane Katrina. Once a Delta island is converted to homes,
that land use is fixed in place indefinitely; it also promotes the expansion
of such services and infrastructure as transportation, utilities, and water
systems. Changes in sea level and runoff conditions and the effects of
seismicity are unlikely to reverse urbanization. Instead, it is highly likely
that after problems caused by these forces, levees will be repaired and
raised, and homes will be rebuilt.

Second, urbanization is self-accelerating. Urbanization in one location
significantly increases the value of adjacent lands. This, coupled with
declining profit margins for farming, will increase the pressure to convert
farmlands to subdivisions. This process is already under way in the Delta’s
“secondary zone”—the upland areas and exempted lowland areas that were
slated for development under the 1992 Delta Protection Act (Figure 3.5).
In the future, there will be great pressure to build homes within the Delta’s
“primary zone,” despite the act’s intent to maintain this low-lying area
for agricultural and recreational uses. The increase in number of homes
along the perimeter and within the Delta will inevitably shift priorities
for Delta management toward flood control and infrastructure to support
urbanization. Without major changes in regional land use policy, this shift
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will come at the expense of habitat protection and other services—such
as water quality and water supply—that are important for other parts of
California.
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Conclusions

The current Delta was developed primarily by creating leveed islands to
promote farming in the early days of commercial agriculture. These levees
were often constructed with local peat soils and little engineering expertise
to protect noncritical land uses—farms that could be restored following
any levee failures. Agriculture continues as a major use of the land and
as a standard for levee maintenance. However, the use of the Delta both
as a conduit for water exports since the 1940s (as described in Chapter 2)
and, more recently, as an area of urbanization has increased focus on levee
reliability to protect both water quality and urban lands. As described in
the next chapter, the Delta’s highly altered levee-centric system has been at
odds with the aquatic ecosystem, which has experienced a long-term decline
in native species and an increased prevalence of undesirable alien species.

The long-term prospects for retaining a levee-centric system for
protecting Delta land and water are poor. The existing levee system,
even with recently proposed improvements, will be subject to greater
probabilities of failure, with sudden and catastrophic consequences for
all users of the Delta (Jack R. Benjamin and Associates, 2005). Sea level
rise, increasing flood variability, past and continuing land subsidence,
earthquakes, and urbanization all contribute to the increasing likelihood of
major and multiple levee failures.

When we combine this analysis of the drivers of change in the Delta
with a review of our current ecological understanding of the Delta’s
ecosystem, as described in the next chapter, the current levee-centric
strategy for managing the Delta appears unsustainable. Moreover,
should the Delta levees fail, the consequences are likely to be sudden
and catastrophic for local residents, landowners, Delta species, and water
exporters. Currently, the Delta is unsustainable for almost all stakeholders.
Responding to the long-term problems of the Delta only after a major
catastrophe is unlikely to produce wisely considered or economically
prudent policy.
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4. The Future of the Delta as an
Aquatic Ecosystem

“All truth passes through three stages. First, it is ridiculed. Second, it is violently
opposed. Third, it is accepted as being self-evident.”

Arthur Schopenhauer

As we saw in Chapter 2, environmental and ecosystem concerns have
come to dominate Delta policy, management, and operations in recent
decades. This change has come from increased social and political attention
to the environment since the 1970s, and it has taken stark legal reality
with the listing of several native species as threatened or endangered under
the state and federal Endangered Species Acts (Table 2.2). Other federal
and state water quality laws (such as the federal Clean Water Act) also
influence management of the Delta and estuary. Many aspects of Delta
water and land management, from export operations to levee maintenance,
are significantly affected by these legal and political concerns. However,
these issues are not the only reason for examining the Delta’s ecosystem;
significant biological issues are also of concern. Invasive species have
come to pose expensive challenges to many of the services provided by the
Delta. Problems include the collapse of levees from burrowing animals, the
clogging of water diversions with alien aquatic weeds, and concerns about
the cost and health implications of the physical and chemical means used
to control alien species. In addition, recent sharp declines in native species,
particularly the delta smelt, indicate the need for attention to biological
issues. At the same time, our understanding of the Delta’s ecosystem
and many of its key species has improved considerably over the last 10 to
20 years, allowing for a more complete analysis of ecosystem problems.
This chapter provides an overview of our thinking about the Delta in
environmental and ecological terms.

From an aquatic ecosystem perspective, a fundamental conflict exists
between two Deltas, namely, the strongly tidal estuarine Delta, which
supports a complex ecosystem with a diverse biota, and the agricultural

Delta, made up of islands (many subsided) surrounded by high levees. The
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estuarine Delta naturally fluctuates, both within and across years, between
brackish and fresh water. The agricultural Delta created by humans is
largely managed as a freshwater system, which provides water for farming
and urban areas. Any time that the Delta moves from being a predictable
freshwater system toward being a more saline system, major efforts are
made to shift it back, by repairing levees, releasing water from reservoirs,
reducing water exports, and other actions. As discussed in Chapter 3, it is
increasingly evident that a Delta that fluctuates between these states will
ultimately win this conflict, as a result of the combined effects of sea level
rise, land subsidence, climate change, and levee failures.

The question for this chapter is, “What is likely to happen to the
Delta ecosystem as it shifts toward being a more estuarine system in
which salinities fluctuate with tides, season, and climate?” Subsidiary
questions are: (1) “What habitats need to be abundant in the Delta to
favor desirable organisms?” and (2) “What can we do to direct this shift to
create an ecosystem that supports desirable organisms?” It is now possible
to provide reasonable answers to these questions because of our improved
understanding of the ecology of the Delta and the San Francisco Estuary.

Improved Understanding of the Delta Ecosystem

Several basic assumptions on how the estuary operates have proven to
be incorrect or only partially correct. Our current understanding of the
estuary is based on a series of recent “paradigm shifts” (summarized in
Table 4.1 and Appendix A) that should lead to more workable solutions
to problems in the Delta. At the same time, it must be recognized that
the estuary will continue to change in ways that are difficult to predict,
especially as the result of climate change and invasions of alien species.
For example, if water temperatures become too warm during the narrow
windows of time when delta smelt (Hypomesus transpacificus) spawn, their
ability to reproduce may be reduced or eliminated (Bennett, 2005).

The present ecosystem is clearly not working well to support desirable
organisms, as indicated by the continuing decline of delta smelt, striped
bass, and other fish. Because the Delta is always going to have an
ecosystem dominated by the combined results of human actions, invasive
species, the amount and timing of freshwater inflow, land subsidence, and
infusions of toxic materials, the easiest way to assess the nature of desired
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ecosystem states in the future is to examine how various manipulations

will favor key desirable and undesirable species (Table 4.2). Essentially,
identifying the species we want in an ecosystem can drive the creation of
the most desirable future states of that ecosystem. Throughout this chapter,
we focus mainly on the aquatic system but provide some discussion of

the terrestrial systems, recognizing that any configuration of the Delta in
the future will have to include habitat for key terrestrial species as well,
especially overwintering migratory birds (such as waterfowl), neotropical
migrants (such as various warblers and thrushes), and sandhill cranes (Table

4.3).

Which Habitats Favor Desirable Organisms?

Views on which organisms are perceived as desirable have changed
through the years, but today they include largely (1) native species,
especially endemic species (i.e., those native only within a particular area),
(2) species harvested for food and sport, including alien species, and (3)
species that support the organisms in the first two categories, usually as
food, such as copepods and mysid shrimp (Table 4.2). To maintain the
Delta as a region that supports these desirable species, especially native
aquatic species, there must be habitats with: (1) abundant zooplankton
and mysid shrimp, (2) less intrusion of invasive clams, (3) low densities
of freshwater aquatic plants, and (4) physical habitat that is diverse in
structure and function. To provide these conditions, six basic habitats in
the Delta need to be enhanced or maintained: (1) productive, brackish,
open-water habitat, (2) brackish tidal marsh, (3) seasonal floodplain, (4)
freshwater wetlands, (5) upland terrestrial habitat, and (6) open river
channels. These habitats once dominated the San Francisco Estuary.
Remnants of these habitats remain and their characteristics can guide
restoration efforts, albeit cautiously (Lucas et al., 2002). Overall, a Delta
that presents a mosaic of habitats is likely to be the most hospitable to
desirable organisms and the most likely to resist invasions by additional
alien species. A key to developing such a mosaic is that it would not be
stable in either space or time; conditions in each area would change with
season and year. Descriptions of the six basic Delta habitats are provided
below. Figure 4.1 shows the current locations of these habitats.
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Figure 4.1—Delta Habitats, 2006

Productive Brackish Open-Water Habitat

For the past 20 to 25 years, the greatest concern over declining
numbers of fish that depend on the Delta has been for open-water (pelagic),
plankton-feeding fish, mainly delta smelt, longfin smelt, and striped bass.
Their long-term decline has apparently accelerated since 2001, increasing
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concern for the viability of their populations and those of other pelagic
fish.' This decline is tied in part (but by no means entirely) to the shift

in the food web of Suisun Bay and the Delta. Previously, most energy
and carbon flowed through pelagic zooplankton and fish; currently, most
energy and carbon instead flow through the alien overbite clam (Corbula
amurensis), which became established in the region in 1986 (Carlton et al.,
1990).

Historically, Suisun Bay was the principal brackish water region
where most open-water habitat existed. It was without abundant clams
(except in dry years when marine clams invaded) and therefore supported
abundant diatoms (a type of algae or phytoplankton), which were fed on
by zooplankton (mainly Eurytemora affinis, a copepod), which in turn were
fed on by both small plankton-feeding fish (e.g., delta smelt) and mysid
shrimp (mainly Neomysis mercedis). The mysid shrimp then became a major
item in the diets of larger planktivores, especially longfin smelt and juvenile
striped bass. But with the invasion of the brackish water tolerant overbite
clam, these food organisms became greatly depleted, presumably reducing
the growth and survival of the planktivores. Thus, open-water habitat still
exists, but its productivity is funneled more into clams than into desirable
fish.

As productive open-water habitat has diminished in brackish water
areas, other areas favorable to pelagic organisms have been reduced as well.
This loss is mainly the result of the Brazilian waterweed (Egeria densa)
and other submerged aquatic vegetation, which have invaded freshwater
sloughs, channels, and flooded islands of the Delta (Brown, 2003).
Waterweed grows in dense mats in shallow water (< 3 m) along the channel
edges and can completely choke shallow quiet water habitats during the
warmer months. These plants slow the flow of water and retain sediments,
nutrients, and other materials from the water column; consequently,
the water tends to be clearer. These more transparent waters support
populations of alien invertebrates and fish, including centrarchids, mainly
largemouth bass, bluegill, and redear sunfish. In contrast, the more open,
less transparent habitats in the Delta are more likely to support populations

1 hetp://science.calwater.ca.gov/pdf/worksho ps/POD/IEP_POD_Panel_Review_
Final_010606_v2.pdf. For a graph showing trends in abundance indices of key pelagic
species, see Figure 1.3.
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of striped bass, delta smelt, Chinook salmon, and splittail (Nobriga et al.,
2005).

Generally, where Brazilian waterweed is abundant, open-water habitat
is reduced and alien fish and invertebrates dominate, conditions mostly
undesirable from an ecosystem perspective (Brown, 2003; Nobriga et al.,
2005). The bass (and other warm-water fish) support fisheries, but these
fisheries do not depend on the estuary for their existence (as do fisheries
for striped bass, salmon, and splittail). Where currents are too strong
for Brazilian waterweed to become established, freshwater channels may
support dense populations of the Asiatic clam (Corbicula fluminea) which
can strip the water column of plankton, reducing food supplies for pelagic
fish. This is especially true today in the southern Delta, where the Asiatic
clam is abundant in the San Joaquin River channel.

These changes mean that estuarine-dependent pelagic organisms, such
as striped bass, have seen a loss of habitat in both freshwater and brackish
water. The key to restoring the desirable pelagic species is to recreate
habitats that have a high variability in nonbiological (or “abiotic”) factors
such as salinity, channel flows, depth, and water clarity (Nobriga et al.,
2005; Lopez et al., 2006). This is the kind of estuarine habitat that once
dominated many Delta channels and Suisun Bay: open-water areas that
varied sufficiently in salinity from fresh to moderately salty (roughly 8-10
parts per thousand (ppt)) seasonally or across years and often had strong
tidal currents and low water clarity.?

In areas where such conditions return, it is unlikely that the overbite
clam, Brazilian waterweed, or the Asiatic clam will be able to persist. It
appears that moderate salinities during the summer growing season will
exclude Brazilian waterweed. The Asiatic clam may require salinities
exceeding 13 ppt for complete exclusion but the species is rarely abundant
where salinities exceed 5—6 ppt for extended periods of time (Morton and
Tong, 1985). Unfortunately, the biggest problem species in brackish water,
the overbite clam, can live and reproduce in water ranging from fresh to
28 ppt, at temperatures of 6°C to 23°C (Parchaso and Thompson, 2002).
Like many clams, its growth and reproduction are limited by food supply,

2As a rough guide, seawater is 35 ppt and fresh water is less than 3 ppt. Drinking
water is less than 1 ppt.
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but this clam is large enough and lives long enough (two to three years) so
that it can survive many weeks with limited food (Parchaso and Thompson,
2002).> Nevertheless, the overbite clam is highly stressed when exposed to
fresh water (Werner, 2004) and has not colonized areas in the estuary that
are fresh for extended periods of time, despite being physically able to do so.
This suggests that annual exposure to fresh water for three to six months
may limit its ability to invade some areas.

Today, the best example of habitat with low numbers of these alien
species is Suisun Marsh, especially in Nurse Slough (R. E. Schroeter,
UC Davis, personal communication, 2006). This turbid habitat, with
few clams, contains abundant phytoplankton and zooplankton and thus
is favorable for rearing small estuarine fishes such as delta smelt and
juvenile striped bass. Essentially, this habitat has enough variability in
abiotic conditions, especially salinity, that undesirable populations of both
freshwater and brackish water organisms are inhibited.# The most likely
location of restored habitat of this nature would be on flooded islands
close to sources of both salt water and fresh water (e.g., Sherman Island,
Twitchell Island). Alternatively, undesirable alien species could be excluded
by keeping islands completely enclosed by levees but adding gates that
would allow free access to tidal flows in most years. If gated, these pelagic
habitat islands could be drained and dried as a control measure for invasive
species when necessary (Table 4.4).

30verbite clams can persist in fresh water because they can burrow into sediments,
which can retain salts for long periods of time, and then clamp their valves together until
good conditions return. “So a Corbula living in the sand can simply burrow down, crack
its valves for a little freshening periodically and live as long as the water doesn’t drop below
its oxygen limit or until it runs out of energy stores” (J. Thompson, U.S. Geological Survey
(USGS), personal communication, May 2006). Nevertheless, most overbite clams residing
in lower Suisun Slough were killed during the winter of 20052006, presumably because
of continuous freshwater flows from Cordelia Slough, which receives water from nearby
creeks. Clams survived, however, in the reach of Suisun Slough immediately above the
mouth of Cordelia Slough, which lacked the heavy freshwater influx (R. E. Schroeter, UC

Davis, personal communication, 20006).

4What may be as important as variability per se is the suddenness of change;
conditions, especially salinity, that change abruptly (over a few days) may eliminate
undesirable organisms more effectively than more gradual change.
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Table 4.4

Likely Responses of Populations of Common Delta Fish and Shrimp to Increases
in Three Salinity Regimes in a Large Open-Water Environment

Species Fresh Brackish Fluctuating
Delta smelt —— - +
Longfin smelt - - i
Striped bass? - - i+
Splittail 0 + o
Tule perch +/— ?

Prickly sculpin - 0 +
Hitch +? 0 0
Blackfish + 0 0
Fall-run Chinook +/— +/— /-
Spring-run Chinook + +
Winter-run Chinook + + ¥
Steelhead 0 0 0
White sturgeon 0 + 0
Largemouth bass? ++ 0 _
Lepomis spp? + 0 _
Inland silverside? + + +
American shad? 0 0
Threadfin shad?® + 0 +
Shimofuri goby?® 0 + +
Yellowfin goby? 0 + +
Golden shiner? ++ - _
Mosquitofish? ++ + 0
Siberian prawn? - + 4
Mysid shrimp 0 + +

NOTES: For definitions of symbols, see Table 4.2. Salinity in this case is the
indicator of the changed environment; changes in water clarity, temperature, and depth
would also influence fish populations. A freshwater habitat would essentially resemble
present-day Franks Tract and Mildred Island. A brackish water habitat would be like
present-day Suisun Bay. A fluctuating salinity environment would be most like portions
of Suisun Marsh.

Indicates non-native species. 0 = no change.

Brackish Tidal Marsh

Brackish tidal marsh is the main habitat along the sloughs of Suisun
Marsh, in the unleveed portions of Suisun Marsh, and in marshes along the
edge of Suisin Bay. This ecosystem was once much more extensive in Suisin
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Marsh, Suisun Bay, and the lower Delta. Brackish tidal marsh is typically
shallow (< 2 m at high tide), cool (< 20°C), turbid (transparency < 35 cm),
and complex in structure, with a strong tidal influence (Matern, Moyle, and
Pierce, 2002; Brown, 2003). Such habitat is important for rearing desirable
fish, especially splittail, juvenile striped bass, and perhaps juvenile Chinook
salmon. Not only are fish in general more abundant in the unleveed
sloughs, but the proportion of native fish also tends to be high (R. E.
Schroeter, personal communication, 2006). Such areas also are presumed
to be an important source of nutrients for adjacent channels and bays.
Areas inundated by tidal water for only short periods support vegetation
important for such threatened species as salt marsh harvest mouse, black
rail, and clapper rail.

With sea level rise, this habitat will expand in Suisun Marsh, as levees
eventually overtop and breach. The depth of the habitat will depend on
how much subsidence occurs before the inevitable flooding takes place and
on how much the growth of submerged vegetation keeps up with sea level
rise. Ideally, some shallow channels in the marsh will continue to have
characteristics that exclude the overbite clam and favor native fish, through
the input of fresh water from the Sacramento River, local runoff, and,
perhaps, tertiary treated sewage from the Suisun-Fairfield urban area. If we
recognize the inevitability of sea level rise, it should be possible to maximize
its benefits or control its effects, by planning for a “new” brackish Suisun
Marsh.

Seasonal Floodplain

Recent studies show that seasonally flooded habitat in and just above
the Delta (i.e., Yolo Bypass, Cosumnes Preserve) is important for spawning
splittail and for rearing juvenile salmon and other fish (Sommer et al.,
2001a; Crain, Whitener, and Moyle, 2004; Moyle et al., 2004; Moyle,
Crain, and Whitener, in press). The Yolo Bypass is unique as a “flow
through” system, in which water has a limited “residence time” (i.e., it
moves through the bypass relatively quickly). As a result, it floods on
an irregular basis (when water spills over the Fremont Weir) and drains
quickly. Much of the invertebrate biomass is chironomid midges, which
can persist (as eggs) in dry soil.
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The most productive floodplain habitat for fish outside the Yolo Bypass is
covered with annual vegetation and is flooded with river water from roughly
early February through April. In contrast to the Yolo Bypass, the water in
these areas often drains slowly, so has a high residence time, allowing it to
develop dense populations of zooplankton. The best places to create and
maintain such habitat (e.g., expanded Cosumnes Preserve, Cache Slough
region, lower San Joaquin River) need to be actively managed to maintain a
habitat mosaic and to make sure that flooding occurs on at least part of the
available habitat each year. These areas can also be important foraging and
roosting areas for migratory waterfowl.

Freshwater Wetlands

Much of Suisun Marsh and parts of the Delta (e.g., Cache Slough
region) are managed directly or by default as freshwater marshes. Such
marshes are important for an array of plants and animals, especially
waterfowl and shorebirds. There are several types of these wetlands, with
distinctive characteristics, that presumably all need to be maintained. As
the area of freshwater wetland shrinks in Suisun Marsh, more freshwater
wetlands may have to be created on Delta islands currently devoted to
agriculture, especially if waterfowl habitat (and hunting) is to be supported
at present levels. These islands could follow the models proposed by Delta
Wetlands Corporation, which have wide levees that slope toward the interior,
supporting riparian vegetation and interior water levels that are managed for
waterfow! (or water storage).’

Upland Terrestrial Habitat

Agricultural areas, especially those islands on which corn and rice
are grown, can be important foraging areas in winter for sandhill cranes,
migratory waterfowl, and raptors such as Swainson’s hawk. Presumably such
areas will continue to exist in parts of the Delta that lie at or above sea level.
However, this habitat is prone to urban development. To maintain adequate

5The Delta Wetlands project is a proposal to use two islands in the central Delta (Bacon
and Webb) as freshwater storage facilities and two others as waterfowl habitat. It is one of
five surface storage projects identified in the CALFED Programmatic Record of Decision
(CALFED, 20004).
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areas of this habitat, substantial tracts (e.g., Staten Island) will have to be
managed, often behind levees, with wildlife as the highest priority.

Open River Channels

Delta channels, especially those leading to flowing rivers, must be
maintained as migratory corridors for salmon, steelhead, lamprey, splittail,
delta smelt, and other fish. Ideally, fish migration corridors should also
minimize the risk of entrainment in the pumps in the southern Delta.
These channels also need to provide juvenile rearing habitat along their
edges and offer connectivity between spawning and rearing areas (e.g., for
splittail, between floodplain spawning habitat and brackish tidal marsh
rearing habitat). The present configuration of the Delta, especially the
southern Delta, results in complex flow patterns through the channels that
presumably confuse migratory fish going both upstream and downstream.
Channel configurations need to be reconstructed in ways that resemble
historical conditions—that is, with more natural spatial patterns with fewer
straight lines and more dendritic, or branchlike, patterns (J. Burau, USGS,
personal communication). These channels also need to be managed in ways
that discourage alien species.

How Can We Create a Delta That Supports Desirable
Organisms?

The crisis brought on by the continuing pelagic organism decline,
especially delta smelt, has led to the realization that the Delta ecosystem
is not providing for the needs of key organisms. The growing recognition
that major changes to the Delta will occur as the result of the factors
discussed in Chapter 3 is also forcing a reexamination of the future of
the Delta ecosystem. In addition, we now know that many of our basic
assumptions about how the Delta operated as an ecosystem that were used
in planning in the past were wrong or misguided (Table 4.1 and Appendix
A). Taken together, these realizations provide both the motivation and the
opportunity to rethink how we might manage the Delta’s ecosystem, using
guidelines that follow.

Given the inevitable changes that will occur to the Delta ecosystem,
our choice is either to respond to each change as a disaster or to plan for it
as an opportunity to create more predictable and productive environments
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for fish and wildlife. Some key features of a carefully planned effort at
controlling change to favor desired organisms include (1) tying the Delta
to adjacent ecologically important areas, (2) creating island and channel
habitat diversity by reengineering Delta planforms to enhance dendritic
channel patterns that support various habitats (particularly in terms

of salinity and water residence time), (3) preventing the “hardening”

of secondary Delta lands by urban development, and (4) improving
connectivity between rivers and parts of the Delta.

Tie the Delta to Adjacent Areas

Much of the discussion of the Delta ecosystem focuses on the central
and southern Delta because these areas have significant subsidence
problems and major, immediate connections to the SWP and CVP pumps.
From an ecological point of view, it is unclear what can or will actually be
done to islands in these areas to benefit the species of concern, given the
high likelihood of uncontrolled flooding (discussed in Chapter 3). We
need therefore to look to areas adjacent to the Delta to provide most of the
desired ecological functions. It is also quite likely that money invested in
these adjacent areas will produce a bigger return in ecological value on a per
dollar basis than money spent on interior Delta projects. Some key areas
include:

1. Cache Slough region. This area, to the north, adjacent to the Yolo
Bypass, is within the legal boundaries of the Delta but is rarely
discussed in a Delta context, in part because what happens there
has little effect on the delivery of fresh water via the pumps of the
southern Delta. Yet it has large tidal excursions (much of the tidal
water moving up the Sacramento River channel winds up there), a
complex, branching channel pattern, and is a known spawning and
rearing area for delta smelt and probably for other native fish as well.

It is the outlet for water draining from the Yolo Bypass, with potential
major interactions ranging from exporting nutrients to rearing juvenile
salmon (Sommer et al., 2001a and 2001b). Arguably, this region is
most like the historical Delta, although many of its channels have been
leveed or otherwise altered. A “natural” levee failure experiment exists
there now (Liberty Island, which flooded in 1998) and much of the
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land is in private ownership. It also has the intake for the North Bay
Aqueduct (in Barker Slough), which may constrain some uses.

2. Yolo Bypass. The Delta doubles in size when the Yolo Bypass is
flooded. The problem is that the bypass floods only erratically and not
always at times optimal for fish and birds. The bypass presents some
major opportunities for ecosystem manipulation (e.g., by gating the
Fremont Weir), which are currently under discussion (Department of
Fish and Game, 2006). It is also a major spawning and rearing area
for splittail and other native fish, a rearing area for juvenile salmon,
and a potential source of nutrients for Delta food webs (Sommer et
al., 2001a and 2001b). This region could act as a major interface with
the Delta ecosystem, especially in the Cache Slough region, a role that
will likely grow in importance, both through deliberate manipulations
and through the increased frequency of flooding as a result of climate
change.

3. Van Sickle Island/Southern Suisun Marsh. Van Sickle Island is a
major marshy island that borders the west side of upper Montezuma
Slough (by the tidal gates) and the south side of Suisun Bay, where the
Sacramento River enters. Its levees failed in several places during the
winters of 1997-1998 and 2005-2000, but they were fixed by DWR
to protect infrastructure around the Roaring River that helps to keep
salt water at bay.® This infrastructure is the water delivery system that
maintains the interior marshes as freshwater systems for duck hunting
clubs. One potential negative effect of allowing Van Sickle Island to
flood is that this may increase the likelihood of highly saline water
arriving at the pumps of the southern Delta. Nevertheless, Van Sickle
Island has high potential as a place to create a large expanse of brackish
tidal marsh, a desirable feature that may be inevitable as sea level rises.
The potential negative effect on water delivery might be lessened if the
island were breached on the Montezuma Slough side, with south-side
levees being maintained, before the system was inundated naturally.

6DWR took this step even though these are private levees, not “project” levees under
state and federal responsibility.
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4. Cosumnes/Mokelumne River confluence area. The Cosumnes
River preserve is a floodplain demonstration area, relatively small, but
important for fish spawning and rearing (Moyle, Crain, and Whitener,
in press). There are opportunities both within the preserve area and
nearby for expanding the floodable lands and creating more upland
habitat useful for sandhill cranes, waterfowl, and other species of
interest.

5. Upland agricultural areas. Sandhill cranes and waterfowl need these
farmland areas, preferably planted in corn, for winter foraging. Much
of this habitat is on islands that could or will flood (e.g., Staten Island).
However, upland areas around the Delta are increasingly turning into
housing tracts and vineyards. This trend needs to end if habitat for
cranes and waterfowl is to be maintained. This is especially important
as heavily subsided islands become submerged or converted to other
uses.

Create Island and Channel Habitat Diversity

If we want habitat heterogeneity, then we should consciously choose the
types of island and channel habitats we want and figure out how to achieve
the right balance among them. This process would involve managing
island levees and land uses, as well as reengineering some Delta channels
to create a more naturally diverse dendritic channel structure, which would
allow for greater variability in salinity, residence time, and flow velocities
across the Delta (J. Burau, personal communication, 2006). Of course, the
possibilities for restructuring the system will depend on the nature of the
cross-Delta water delivery system. Here are some possible alternatives for
island and channel management:

1. Natural pelagic habitat. This would consist of islands or sections of
islands in the western Delta (i.e., Sherman, Twitchell, Bradford, Jersey)
in which strategic levee breaches could cause strong tidal excursions,
allowing salinity fluctuations that inhibit overbite clam, Asiatic clam,
Brazilian waterweed, and other undesirable species. Basic island
configuration could be maintained by specially designed levees, if
desired, but it might be possible to just let one or two islands revert to
open water without levees. Without significant effort, however, many
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subsided islands will become warm-water fish habitat like Franks Tract
or Mildred Island, described below.

2. Controlled pelagic habitat. These areas would be modeled on the
proposed Delta wetlands project and would feature sloping interior
levees supporting riparian forest and tule beds.” They would have gates
in several places to regulate inflow and outflow. An ideal feature would
be the ability to dry them completely when undesirable invasive species
become too abundant. If strategically placed, islands with sufficient
area and depth might be used to regulate salinity or outflow in extreme
situations (e.g., levee failures on other islands). One advantage of this
kind of management is that options for various ecological and water
supply uses would be kept open.

3. Wildlife habitat. These islands could also be maintained for ducks
and other waterfowl, as in the Delta Wetlands model. They would be
flooded only enough to produce duck habitat, which includes some
wildlife-friendly farming, and would presumably be dry in summer,
except for recreational ponds. Waterfowl production and hunting
opportunities are likely to decrease in Suisun Marsh, as a result of
flooding by salt water from sea level rise and deliberate manipulations.
Hunting could shift
from Suisun Marsh to some Delta islands, where new hunting clubs
could be established. This shift would allow for opportunities to create
more tidal habitat in Suisun Marsh. This option assumes, of course,
that subsided islands with large, inward-sloping levees would be able to
resist flooding from sea level rise and that a source of fresh water would
be available for wildlife habitat. Much would depend on the amount
and rapidity of sea level rise and on the design and operation of the
interior Delta.

4. Warm-water fish habitat. Franks Tract and Mildred Island are
examples of warm-water fish habitats and originated as subsided islands
that have been “let go.” They have become heavily invaded by alien
species from plants to invertebrates to fish, but they do have such
recreational benefits as boating and fishing. The location and size of

7Here, we suggest an alternative use of flooded islands—for habitat instead of
freshwater storage—using the same basic technology of sloped and rocked interior levees.
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such open-water areas in the Delta could make a big difference both
in Delta tidal circulation and in the timing and frequency of saltwater
fluctuations.

5. Agricultural islands. Some of the least subsided islands could be
maintained indefinitely for wildlife and Delta-friendly agriculture.
A key would be to promote agricultural practices that discourage
urbanization and prevent—or even reverse—further subsidence. One
focus for the development of such islands could be sandhill crane and
Swainson’s hawk foraging areas.

Prevent Hardening of Adjacent Upland Areas

When upland areas around the Delta become urbanized, are turned
into vineyards, or become devoted to other uses that greatly increase land
values, land use choices diminish. “Hardened” areas are also likely to have
increased human use, and this change may have significant consequences
for wildlife. For example, if Staten Island and other Delta islands that
are used by sandhill cranes for foraging become submerged, the cranes
will need similar agricultural land elsewhere—and hardened areas will be
unable to provide it.

‘This is largely a planning issue, and big development forces are arrayed
against the maintenance of low-value farm crops (see Chapters 3 and
5). But the value of these upland areas to wildlife, including endangered
species, should be emphasized. Rather than an area of urban development,
the Delta could be considered open space and a benefit to citizens of nearby
urban areas, from Sacramento to Stockton to San Francisco.

Improve Connectivity

In any proposed changes, the importance of Delta channels for
upstream and downstream migrating fish has to be kept in mind. Clear
migration routes to the Sacramento and San Joaquin Rivers, as well as to
the Mokelumne and Cosumnes Rivers, must be maintained and enhanced.
Potentially, a redesigned Delta could improve connectivity in a number
of ways: by reducing exposure of fish to entrainment in the pumps in the
southern Delta and other agricultural, urban, and power plant diversions;
by better management of barriers and gates on Delta channels; by
rebuilding key channels to improve passage and water movement; and by
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providing rearing habitat for juvenile fish. Improving connectivity is clearly
not an easy task in the effort to balance water supply and ecological needs
in a changing Delta. For example, in the present Delta, the delta smelt and
Chinook salmon have different, and at times opposing, needs.

Research Needs and Potential Experiments

Management of the Delta as an ecosystem should be driven by the best
scientific information available. Despite considerable new information, a
great deal of uncertainty remains about the effects of various management
actions. Nevertheless, there is a growing consensus that major change is
going to happen, whether we like it or not. Because there is never enough
information to make decisions with absolute certainty, a synthesis of
existing information is needed to reduce decisional paralysis. Here are
some suggestions.

1. Commission an overview. Given the great increase in knowledge
of the system in the past 15 years, it would be useful to have a new,
overarching study of the ecology of the estuary, along the lines of
Herbold and Moyle (1989) and Herbold, Jassby, and Moyle (1992),
beyond just the open-water system (Kimmerer, 2004).

2. Examine invasive species. A recently compiled database on invasive
species in the Delta (Light, Grosholz, and Moyle, 2005) begs for
analysis of species interactions, potential problem species in response
to Delta changes, and predictions of the nature of potential future
invaders.

3. Develop predictive models. The interactive effects of changing
salinity, temperature, depth, water clarity, and flow on key alien species
such as Brazilian waterweed, overbite clam, Siberian prawn, and Asiatic
clam in particular should be studied.

4. Pursue synthetic studies. These studies should focus especially
on how to manage the Cache Slough region and Suisun Marsh for
desirable species, as sea level rises and climate changes. The Cache
Slough region also needs basic ecological studies.

5. Perform hydraulic modeling. Analyze whether it is possible to
manage selected islands as open-water systems to favor desirable pelagic
organisms (delta smelt, striped bass, etc.)—and if so, how.
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6. Develop experimental islands. A factor that inhibits taking action to
convert Delta islands to different uses is uncertainty: What happens
in reality when we breach levees or allow an island to be flooded?
One way to reduce uncertainty is to develop experimental islands.
This is being done today at Dutch Slough on the southwestern edge
of the Delta, although funding limitations are reducing options and
monitoring (B. Herbold, U.S. EPA, personal communication, 20006).
Sherman Island also has potential for experimentation, because of
its shallowness and key location near the lower apex of the Delta. It
could be segmented into smaller “islands” with different experimental
flooding regimes (J. Cain, Natural Heritage Institute, personal
communication, 2006).

Some of this research might be accomplished by traditional agency and
academic efforts. However, there will be an increasing need to integrate
research efforts to make faster improvements in our understanding and to
focus additional research efforts more intently on remaining uncertainties.
The efforts of the CALFED science program in this area remain embryonic
and are not particularly integrated. Greater funding and much greater
scientific leadership will be needed if we are to take an aggressively adaptive
approach to management.

Conclusions

The Delta ecosystem has been changing rapidly and often
unpredictably for the past 150 years, a trend that is likely to accelerate
unless we take action to control the change as much as we can. Ultimately,
the rate of change may slow down even if we do nothing but respond to
emergencies. However, the resulting Delta system is likely to have many
undesirable features and species and to be missing many of the species we
regard as important today. Such an outcome is not inevitable, though.
There are reasonable steps that can be taken to restore Delta habitats to
more desirable, variable conditions in terms of flow and water quality,
conditions that would better support desirable species and disrupt the
establishment of invasive species.

The approach outlined here represents a new and different scientific
understanding of how the Delta and its ecosystem function. As will be
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seen in later chapters, our improved understanding of the Delta’s ecosystem
leads to the consideration of very different land and water management
alternatives and to new conclusions for Delta policy and management.
New and more promising alternatives can be designed to take advantage of
this improved understanding.

Before exploring these alternatives, we provide some background on
recent Delta policymaking (Chapter 5) and then assess the ability of water
users and the larger water supply system to adjust to changes in Delta
water management policies (Chapter 6). In the end, it is desirable to have
solution alternatives that support as many as possible of the Delta’s current
services.
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5. A Crisis of Confidence: Shifting
Stakeholder Perspectives on the
Delta

“The greatest challenge . . . is stating the problem in a way that will allow a
solution.”

Bertrand Russell

By December 2004, the decade-old truce between water users and
environmental groups, forged at the beginning of the CALFED process,
was all but over. This truce—epitomized by the CALFED motto that
“everyone would get better together”—had always been a fragile one, with
continuing differences over priorities for the Delta within the CALFED
investment portfolio. Disagreements had escalated over the course of
2003, as conflicts arose over a water user proposal to increase Delta export
levels. Then, through the summer and fall of 2004, concerns surfaced in
quick succession over the viability of two central CALFED components:
the stability of the levee system and the protection of native fish. Several
months after a highly publicized levee failure on Lower Jones Tract drew
attention to Delta flood risks, a new analysis of the systemic long-term risks
to Delta levees was reported at the October CALFED Science Conference
(Leavenworth, 2004a, 2004b, 2004c). Meanwhile, routine fall fish surveys
registered sharp declines in several pelagic species, including the threatened
delta smelt.!

The CALFED 10-year finance plan, released in early December 2004,
increased the intensity of this storm. The $8 billion plan drew immediate
fire from legislators and stakeholders, who criticized it for being either
unrealistic or unfair (Taugher, 2004). The plan proposed to substantially
increase financial contributions from the federal government and water
users, both of which had been much lower than anticipated when the
CALFED ROD was signed in 2000 (CALFED, 2004a). In a sense, the 10-

IFigure 1.3 shows the trends in abundance of several key pelagic species.
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year plan merely articulated the weaknesses in CALFED’s finances that had
already become apparent: The federal government was a less enthusiastic
donor than CALFED architects had hoped; implementing the “beneficiary
pays” principle to elicit water user contributions was proving elusive; and
state bond funds, which had taken up the slack, were running out.

The storm gathered strength over the course of 2005. Much of its fury
was directed at the CALFED governing and implementing bodies. The
legislature slashed the program’s budget, and the governor’s office called
for three multifaceted audits to look at finance and governance questions.
An interagency POD task force was set up to investigate the reasons for
the pelagic organism decline.? Meanwhile, in a vote of no confidence in
the collaborative processes of the preceding decade, the environmental
community filed lawsuits against the federal government on two biological
opinions related to Delta exports. About this time, Hurricane Katrina
struck in New Orleans, reinforcing concerns over Delta levees and
highlighting that levee expenditures under CALFED had been too modest
to offer much new protection. In November, DWR began a round of
briefings stressing the dire consequences of a catastrophic levee failure for
water supply, farmland, homes, and infrastructure (Thompson, 2005b;
Snow, 20006).

The audit of CALFED’s governance structure revealed weaknesses
that had prevented the effective implementation and oversight of its
programs (Little Hoover Commission, 2005) and put institutional reform
of CALFED on the administration’s and legislature’s agenda. The financial
review confirmed the disproportionate contributions of the state, which
covered 41 percent of the $2.5 billion in total expenditures in the first four
years, compared to only 10 percent by the federal government (Department
of Finance, 2005). Although contributions by water users and local water
agencies amounted to a hefty 49 percent, the majority of these funds
were local matches for local water supply projects (groundwater banking,
conservation, and recycling investments) that would probably have gone
forward anyway.

2The POD team’s carly reports suggested a complex set of reasons for the collapse of
the open-water species (Weiser, 2005).
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As Chapters 3 and 4 have shown, future approaches to the Delta will
need to revisit CALFED’s assumptions about the long-term sustainability
of the levee system and its approaches to ecosystem protection. Moving in
this direction calls not only for new science but also for new agreements
among various stakeholders. In this chapter, we examine current
stakeholder perspectives on problems in the Delta, drawing on press
accounts, other published documents, and conversations with over 40
stakeholders representing water users, environmental groups, and various
in-Delta interests.? This review suggests that fashioning agreement on a
new vision for the Delta may be even more challenging now than when the

CALFED process was launched in the mid-1990s.

Shifting Stakeholder Perspectives

The recognition of new problems in the Delta has reinforced various
stakeholders’ concerns about the CALFED program’s ability to address
their primary interests. Each group’s interests correspond to one or
more of the four broad goals laid out in the CALFED ROD: water
quality, ecosystem support and restoration, water supply reliability, and
levee stability.* Whereas environmental groups and agencies have been
principally concerned with the CALFED’s ecosystem goals, urban and
agricultural water exporters in the Bay Area, the San Joaquin Valley, and
Southern California have focused on the program’s water supply reliability
objectives, with water quality as a secondary concern. By contrast,
for water users that draw directly from the Delta—including Delta
agriculture and the Contra Costa Water District—managing water quality
(particularly salinity) has been a primary objective. Delta farmers had been

3For a list of persons consulted, see Appendix B. Because some individuals preferred
not to be quoted, we use the information gathered from these conversations to inform the
discussion here. The reader is referred to press accounts for public statements by various

stakeholders.

4Specifically, the CALFED ROD stated the water reliability objective as follows:
“Reduce the mismatch between Bay-Delta water supplies and current and projected
beneficial uses dependent on the Bay-Delta system” (CALFED, 2000a, p. 9).
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the only consistent advocates of the CALFED levee program before current,
increased recognition of the wider consequences of levee failure.

Levee Problems Draw Attention to a Broad Range of
Delta Land Uses

The new spotlight on levees has been of particular concern to interests
within the Delta, and it has drawn attention to some stakeholders
overlooked in earlier CALFED processes: cities and towns with current
or planned development behind Delta levees and various infrastructure
providers (e.g., Caltrans, Pacific Gas & Electric (PG&E), East Bay
Municipal Utilities District (EBMUD), railroads, ports) whose investments
depend on the stability of Delta islands. The increasing urban and
recreational value of land in the Delta also has brought new and powerful
land development interests into Delta policy. In contrast to many water
exporters, who have begun to question the viability of a major levee
investment strategy, various in-Delta interests have stressed the importance
of maintaining the integrity of the levee system.> At issue are both the
salinity of water supplies and the viability of current land uses; both are at
risk if the levees fail.

New Challenges for Water Supply Reliability

For water exporters, both ecosystem and levee issues have raised
new questions about the ability to achieve the water supply reliability
goals articulated under CALFED. These goals include protection from
involuntary cutbacks in exports, increases in water use efficiency to reduce
demand pressures, and increases in exports through improvements in
conveyance and expanded water storage. From CALFED’s inception,
the expansion of exports has been the most contentious goal, with
disagreements over the likely environmental consequences of new surface
storage projects and the appropriate distribution of costs between water
users and taxpayers for investments in such projects. As the investigation
of new surface storage options languished in the first few years after the
signing of the ROD, water exporters from the Central Valley Project and

5See, for instance, editorials in the Stockton Record (2005, 2006) and the Contra Costa
Times (20006).
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the State Water Project pushed ahead on proposals to increase exports
through improvements in operations and conveyance systems.

The July 2003 “Napa Accord”—developed at a meeting of water project
officials and contractors—set out a plan to enable pumping increases at the
Tracy Pumping Plant under high inflow conditions. Although the process
for developing the plan was highly contentious—given the absence of both
fishery agencies and environmental groups from the bargaining table—it
was eventually endorsed by CALFED management.® Relabeled the
“South Delta Improvements Package,” the plan now includes investments
to maintain water levels and reduce water salinity in the southern Delta,
in response to concerns of in-Delta interests (Cooper, 2003), with 3 to
5 percent greater average export volumes (mostly in high-flow years).
However, by the time the environmental documentation for this package
was available for public review in November 2005, the Delta’s new
ecosystem challenges had taken center stage, calling into question the
feasibility of the plan’s export enhancement goal.”

Meanwhile, the new spotlight on levee instability has focused
exporters’ attention on the reliability of the water conveyance system. Some
of the most extensive public outreach efforts have been conducted by the
Association of California Water Agencies (ACWA), whose “Blueprint for
California Water,” released in October 2005, calls on ofhicials to “evaluate
long-term threats to the Delta levee and conveyance system and pursue
actions to reduce risks.” As of this writing (October 2006), the Kern
County Water Agency is the only exporting agency whose officials have
publicly endorsed revisiting the peripheral canal (Associated Press, 2004).
However, many exporters are concerned about the long-term viability of
the Delta as a conduit. As Tim Quinn, vice president of the Metropolitan
Water District of Southern California MWDSC) noted, “The current
policy of the state and that of our board is to move water through the

60n the disputes, see Pollard (2003) and Machado (2003). On the CALFED
position, see CALFED (2004b) and Wright (2004).

7To wit, the DWR proposed to make decisions on the project in two separate stages,
focusing first on the water level and quality and environmental objectives and only later on
increasing exports (Department of Water Resources, 2005b). In a recent policy statement
on the Delta, the Metropolitan Water District of Southern California (2006) emphasized
only the water quality objectives of the project. On environmental community objections
to the proposal, see Taugher (2006a).

91



delta. Mother Nature, however, has not been cooperating” (Lucas, 2005).
In interviews, some water agency officials emphasized their concern that

a strategy to shore up Delta levees would result in “stranded assets”—
costing substantial investment dollars while leaving exporters vulnerable to
curtailment of supplies.

Heightened Concern over Ecosystem Stress

Ecosystem stress has naturally been the primary concern for the
environmental community. Given the history of battles to secure
adequate environmental flows within the Delta, it is not surprising that
many environmental groups looked to export levels as a likely culprit
in the collapse of delta smelt and other pelagic species. In late 2005,
Environmental Defense released a study reporting that environmental
flows in the Delta had been considerably lower than targeted between 2002
and 2005, the period over which the fish decline set in (Rosekrans and
Hayden, 2005). Even as scientific evidence has emerged suggesting that the
decline is due to a more complex set of factors (Chapter 4), many within
the environmental community remain convinced that export levels are at
least partly to blame. In this, they have found allies among southern Delta
farmers (Taugher, 2005).

In the late 1990s, a similar alliance between environmentalists and
Delta farmers pulled a peripheral canal alternative off the table during
the deliberations over the strategy to be pursued by CALFED. In light
of new evidence on the Delta’s woes, environmentalists have been divided
over rethinking their position that the Delta must remain the only conduit
for water exports. Gerald Meral, a Bay Area environmentalist and DWR
official at the time of the original peripheral canal referendum in 1982, was
one of the first to suggest that California reconsider such an option (Meral,
2005a, 2005b). Senator Joe Simitian, a Bay Area legislator with a strong
environmental record, was the first to formally float a bill on this proposal
(Taugher, 2006b). As various scientists, including those from the POD
team, have indicated that such alternatives are worthy of consideration,
some environmental groups have indicated a willingness to put them back
on the table (Thompson, 2005a; Lucas, 2005; Gardner, 2006). Wariness

remains, however, with some concerned that an alternative conduit for
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exports would lead to a decline in interest, resources, and commitment
devoted to the Delta’s ecological problems (Nelson, 2005).

Conflicts, Old and New

Recognition of the new threats to the Delta has reinforced long-
standing conflicts over export levels, water quality, and ecosystem
protection and has raised new conflicts and concerns over Delta land use.
Increasingly, these conflicts are finding expression in legal actions.

Renewed Battles over Export Levels, Ecosystem Health, and
Water Quality

Although legal actions had never entirely ceased during the decade-
long CALFED truce, in 2005 a change in strategy took place on the
part of environmental groups who had collaborated under CALFED.
Various legal actions have been launched against federal and state agencies
responsible for fisheries and water project management, on the grounds
that they have favored water exports to the detriment of ecosystem health.
Two lawsuits filed in 2005 challenged the biological opinions of federal
regulatory agencies regarding the effects of new CVP operating criteria and
plans (OCAP) on delta smelt and salmon.? In early 2006, the proposed
CALFED intertie—or connector—between the CVP and SWP aqueducts,
which would have increased export potential, was successfully delayed,
sending project agencies back to the drawing board to complete more
detailed environmental impact documentation.? Several groups petitioned
the U.S. Fish and Wildlife Service to raise the delta smelt to endangered
status under federal law, and in October 2006 a coalition of fishing groups
sued DWR for failing to comply with state law protecting the smelt
(Weiser, 2006a, 2006b).

8 Nutural Resources Defense Council et al. v. Kempthorne et al., No. 1:05-CV-01207
OWW LJO (E.D. Cal. filed September 28, 2005) (delta smelt); Pacific Coast Federation
of Fishermen’s Associations et al. v. Gutierrez et al., No. 1:06-CV-00245 OWW LJO (E.D.
Cal. filed January 24, 2006) (salmon). Filing dates reflect when the cases were transferred
from the Northern District to the Eastern District.

9 Planning and Conservation League v. U.S. Bureau of Reclamation (C05-3527 CW,
N.D. Cal, filed February 15, 2006).
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Opver this period, decisions on several legal and regulatory actions
added to the mounting challenges against water exports. In October
2005, a state appeals court ruled that parts of the CALFED environmental
impact review were inadequate, notably because the review had failed to
consider the option of reducing exports (Boxall, 2005). The following
February, the State Water Resources Control Board issued a cease-and-
desist order against the CVP and the SWP, threatening to cut back
pumping levels if the agencies failed to implement a plan to maintain
salinity standards for agriculture in the southern Delta (Barbassa, 2006;
State Water Resources Control Board, 2006). During the spring and
summer of 20006, under the threat of a court-mandated reallocation of
project water, water users and environmentalists negotiated a settlement
to a decade-old lawsuit to restore environmental flows to the San Joaquin
River.!9 In April, the National Marine Fisheries Service announced the
listing of yet another species that migrates through the Delta, the southern
green sturgeon, as threatened under the federal Endangered Species Act
(ESA). In July, responding to one of the OCAP lawsuits, the U.S. Bureau
of Reclamation requested a reexamination of the effects of Delta export
pumping on the delta smelt (Young, 2006).

Exporters, meanwhile, have been pursuing the creation of a Habitat
Conservation Plan (HCP) as an alternative approach to CALFED for
ecosystem issues in the Delta. Instead of relying on biological opinions
of the fisheries agencies to determine ESA regulatory actions (such as the
timing and volumes of water exports), an HCP would authorize interested
parties to develop and invest in a long-term, multispecies protection plan.
These parties would then receive ESA coverage (i.e., permission for some
“takings”—or deaths—of listed species) for a range of activities. Exporters
see this approach—and its California law counterpart, the Natural
Communities Conservation Plan (NCCP)—as more flexible and likely to
succeed than the approach used to date.!! The state and federal fisheries
agencies and several environmental groups have endorsed this process,

10 Natural Resource Defense Council et al., v. Rodgers et al., Stipulation of Settlement,
CIV No. S-88-1658-LKK/GGH (filed at the U.S. District Court of Sacramento on
September 13, 2006).

1 See the University of the Pacific “Statement of Principles” (anonymous, 2005).
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known as the Bay-Delta Conservation Plan (BDCP). Exporters hope to
involve other actors whose behavior affects ecosystem health, including
power generators at the Delta’s western edge and upstream operators and
diverters. To date, the BDCP’s scope is more limited than those developed
in various parts of Southern California (notably, Riverside and Orange
Counties), in which local land use authorities (cities and counties) are active
participants. As discussed further in Chapter 9, the omission of land use
interests will limit the BDCP’s potential to play a coordinating role, given
the central role of land use decisions—and particularly urbanization—in
the management of Delta environmental resources.

New Conflicts over Land Development

The 1992 Delta Protection Act had aimed to set limits on urbanization
by designating the lowest and most subsided islands as a “primary zone,”
reserved principally for agricultural, environmental, and recreational
use (Figure 3.5). The act did not attempt to regulate development in
the “secondary zone”—consisting of upland areas as well as some low-
lying lands already zoned for development. From the act’s passage until
the failure of Lower Jones Tract levee in the summer of 2004, land
development in the Delta had maintained a relatively low profile, with
urbanization plans proceeding in the secondary zone. This changed
with increased recognition of flood risks in the Delta, particularly in the
aftermath of Hurricane Katrina.

Urbanization in the Delta is an issue on which most other
stakeholders—including some Delta farmers—are able to agree: They
think it is a bad idea (Machado, 2005; Pitzer, 2006). The concerns not
only include increased risks of economic damage and threat to human
life from floods in Delta lowlands, they also include potential threats to
water quality and a loss of wildlife habitat. As Chapter 4 points out, the
“hardening” of Delta uplands is also relevant for long-term wildlife habitat
options, given the likelihood of eventual flooding of many Delta islands.
On the other side of this issue are developers and local land use authorities,
as well as some farmers hoping to sell their land at high prices. The issue is
not strictly one of profits. For local authorities, new development is often
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seen as a way to increase tax revenues and finance improvements in local
infrastructure, including better flood protection for existing residences.!?

The first signs of a formal challenge to the 1992 partition of Delta
lands emerged in the spring of 2006, when environmental groups filed
legal actions against two developments within the secondary zone. One
lawsuit sought to block a 4,000 home project on Hotchkiss Tract, which
lies below sea level (Hoge, 2006a). The suit argued that the City of Oakley
had failed to consider adequately the risks of levee failure or mitigation of
the likely effects of urban development. A second action challenged the
state Reclamation Board’s decision to approve a developer’s levee-widening
proposal on Stewart Tract, now part of the City of Lathrop (Hoge, 2006b).
Recalling that this island, which lies above sea level, lay under 10 feet of
water during the 1997 floods, the appeal challenged that its development
would “exacerbate and worsen the existing flood threat for current and
future residents.”

The Context for a New Delta Vision

In several respects, the current situation is reminiscent of the turmoil in
the years preceding the 1994 Bay-Delta Accord, with serious concerns over
ecosystem health and a rise in legal and regulatory actions that threaten to
curtail water exports. Now, as then, various interests with a stake in the
Delta are embarking on an exercise to seek a new course of action. The task
for the governor’s Delta Vision effort—today’s equivalent of the CALFED
process—is even more complex. On the one hand, new stakeholders have
emerged—notably developers and Delta cities promoting urbanization of
Delta lowlands—with even stronger interests in maintaining parts of the
Delta in their current form. On the other hand, new scientific analysis—
described in Chapter 3 of this report—has shown that this goal may not
be viable, given the various pressures on the levee system. Moreover, as
described in Chapter 4, maintaining the current configuration of Delta
water flows may not be in the best interests of the fish species that are
now under threat. There is also less promise of state and federal funds to

125ee, for instance, the commentary by the city manager of Oakley (Montgomery,
2000).
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lubricate and finance any agreement. For these reasons, a new agreement
based on the maxim that “everyone gets better together” may be elusive,
because some goals for the Delta inherently conflict.

Three questions will inevitably be central to any process to forge
agreement among stakeholders on a new Delta vision. First, what capacity
is there to adjust to changing conditions in the Delta? Recognition of
adjustment capacity opens up the possibility to consider a wider range of
options for the Delta’s future. Some stakeholders are already taking steps
to reduce their exposure to risk from levee failure. Among water exporters,
the Southern California agencies belonging to MWDSC'’s vast network
are probably furthest along this path. Investments over the past decade
in water marketing contracts, groundwater and local surface storage,
conservation, recycling, and other local resources have put the region in a
position to ride out an outage of Delta water supplies for up to two years.!?
Water agencies in the Bay Area are increasing their resiliency through
investments in conservation and recycling, interties, and plans for regional
desalination facilities. Such adjustments are not limited to water exporters.
For instance, PG&E is laying a new pressurized gas pipeline underground
to reduce its vulnerability to island flooding. And although there is
disagreement over their adequacy to mitigate flood risks, some Delta land
developers have proposed larger levees than the legal minimum.

The second question is how will California pay for any given set of
options, be it shoring up the existing levees, building a peripheral canal,
or any other substantial alternative? A divergence in views has already
emerged. Various interests within the Delta have hinted that water
exporters should foot the lion’s share of the bill, given the importance of
the Delta as a conveyance system. Exporters, meanwhile, are emphasizing
their unwillingness to pay more than their “fair share,” along with all the
other Delta interests.! Failure to agree on workable principles for applying
a beneficiary pays criterion to Delta investments puts any new visioning
exercise at risk of coming up short, as did CALFED. As discussed further

13See, for instance, the comments by MWDSC general manager Jeffrey Kightlinger
(Pitzer, 20006).

14Metropolitan Water District of Southern California (2006) and California Urban
Water Agencies (2000).

97



in Chapter 9, the state bond funds approved for flood control in November
2006 would provide only a down payment on any long-term strategy.

The third question is how will the various legal actions now under way
or planned interact with more consultative processes? Threat of legal and
regulatory actions brought some water users to the table in the early 1990s,
and this is certainly still a way to force compromise on issues relating to
environmental protection. However, there is also a risk that court rulings
will constrain the consideration of new alternatives for the Delta, because
so much of the focus of the lawsuits has been on limiting exports while
maintaining the Delta as a levee-dependent freshwater body.

In the remaining chapters of this report, we explore some of these issues
in greater detail. Chapter 6 assesses the capacity of various water users—
including exporters and those who draw indirectly from the Delta—to
adjust to changes in volumes and salinity levels. Chapters 7 and 8 examine
a wide set of options for the Delta’s future and evaluate the ability of these
alternatives to “deliver” with respect to various Delta goals. Chapter 9
looks at questions of financing and governance, with a particular focus
on how to mitigate the costs for those who would bear disproportionate
adjustment burdens, and considers possible policy realignments for a new
Delta vision.

Although the current crisis has similarities with the previous debates—
on the peripheral canal in the 1970s and early 1980s and during the initial
CALFED discussions in the early 1990s—there are now new interests and
concerns. It is important to move the policy discussion beyond the choice
between a levee-centric freshwater Delta and a peripheral canal.
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6. Water Supply Adaptations to
Changes in Delta Management

“The rains of California are ample, but confined to Winter and Spring. In time,
her streams will be largely retained in her mountains by dams and reservoirs, and,
instead of descending in floods to overwhelm and devastate, will be gradually
drawn away throughout the Summer to irrigate and refresh. For a while, water
will be applied too profusely, and injury thus be done; but experience will correct
this error; and then California’s valleys and lower slopes will produce more food
to nourish and fruit to solace the heart of man than any other Twenty Millions of
acres on earth.”

Horace Greeley (1868), Recollections of a Busy Life

In this chapter, we examine how water users in California might
adapt to major changes in the Delta and in Delta water management.
Water agencies and users have a wide range of long-term options in this
regard. The exploration and integration of these options in complex water
systems usually require the use of computer models. Here, we employ
two computer models of water and agricultural management to examine
adaptations and adaptation costs for several major, even extreme, sets of
long-term Delta conditions. The CALVIN (California Value Integrated
Network) model examines long-term statewide water supply adaptations
to changes in Delta water availability. The DAP (Delta Agricultural
Production) model examines how changes in Delta salinity might affect
agricultural production within the Delta. We also briefly review the
benefits of a peripheral canal water supply diversion upstream of the Delta
and consider its economic value, based on the results of our modeling
exercises. This analysis provides useful background for a broader discussion
of alternatives for the Delta, pursued in the next chapter. We begin with
a review of the direct and indirect use of water from the Delta in different
parts of the state.
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State and Regional Use of Delta Water Supplies

Table 6.1 presents estimates of the consumptive uses of water (water
that is either consumed or evaporated and unavailable for potential reuse) in
or tributary to the Sacramento—San Joaquin Delta. Because these estimates
must be assembled from various sources, the particular numbers are
somewhat uncertain. Nevertheless, they illustrate some important points.

First, there is little doubt that much less water flows through the Delta
today than would under natural conditions.! In an average water year
(October to September), total diversions from the Delta—about 18 million
acre-feet (maf)—account for roughly 40 percent of all flows that would
have naturally passed through the Delta. In addition, the seasonal patterns
of Delta inflows and net outflows have been altered significantly. Today,
spring Delta outflows are much lower than they would be naturally, and
summer outflows are generally higher.

Second, most diversions (64% on average) occur upstream of the
Delta. To the north, Sacramento Valley water users deplete Delta inflows
by almost 6.7 maf per year, mostly for agricultural uses. To the south, an
additional 4.0 maf per year are consumed by diversions on the San Joaquin
River and its tributaries, including the Friant-Kern Canal, which exports
water to the Tulare Basin (Kern and Tulare Counties). The major water
projects that use the Delta as a transfer point—the Central Valley Project
and the State Water Project—account for only about 31 percent of all
diversions, averaging 5.4 maf per year and regularly exceeding 6.0 maf per
year in recent years. The balance (4%) is accounted for by in-Delta users,
primarily farmers.

Third, direct exports from the Delta have increased over time, with
the exception of drought periods (Figure 6.1). This trend continues today.
Although exports to the federal Central Valley Project have decreased
somewhat in recent years as a result of environmental flow requirements of
the CVPIA, State Water Project exports have increased in response both to
growth in urban water demand in Southern California and the Bay Area
and to several recent wet years.

IThere is some dispute over the extent to which native vegetation and wetlands
consumed some of these flows under natural conditions. Also, precipitation increases
in recent decades might be mitigating some effects of increased water withdrawals (Fox,

Mongan, and Miller, 1990).
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Table 6.1

Estimated Average Consumptive Uses of Delta and Delta Tributary Waters,
1995-2005 (taf/year)

Demand Area Agriculture Urban Environment?® Total

Net Delta outflow — — 22,553 22,553
Total diversions 14,090 3,235 415 17,740
Upstream diversions 9,540 1,712 138 11,390
Delta diversions 4,550 1,523 277 6,350
In-Delta 769 0 0 769
Upstream diversions 0 0 0 0
Delta diversions 769 — — 769
North of Delta 6,000 562 138 6,700
Upstream diversions 6,000 520 138 6,658
Delta diversions 0 42 0 42
South of Delta 7,321 1,699 277 9,297
Upstream diversions 3,540 600 — 4,140
Delta diversions 3,781 1,099 277 5,157
West of Delta 0 974 0 974
Upstream diversions 0 592 0 592
Delta diversions 0 382 0 382

SOURCES: U.S. Bureau of Reclamation (2005); Jenkins et al. (2001), Appendix F;
Department of Water Resources (1998, 2005¢); DAYFLOW data (Department of Water
Resources); San Francisco Public Utilities Commission (2005); Santa Clara Valley Water
District (2005); Contra Costa Water District (CCWD) (2005); and East Bay Municipal
Uetilities District (2005).

NOTES: Calculations assume that consumptive use constitutes 75 percent of
upstream agricultural withdrawals and 65 percent of upstream urban withdrawals. taf =
thousand acre-feet.

4Environmental uses include net Delta outflows and water diverted to supply

wetlands.

Given anticipated population growth over the coming decades,
California’s urban water demand is likely to increase, although conservation
programs will slow the pace of this growth. However, agricultural water
uses are likely to decline somewhat in reaction to market forces, including
land development (Department of Water Resources, 2005c). Some
agricultural lands south of the Delta also will be coming out of production
because the soils are becoming too saline to farm profitably. Some growth
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Figure 6.1—Major Direct Water Exports from the Delta, 19562005

in urban water demands can be offset by these declines in irrigation, as
well as by improvements in water conservation. On balance, only small
increases in total water demands are likely for urban and agricultural
uses.

Delta water supplies remain highly variable, despite substantial
management of flows through reservoir storage and releases. Inflows to
the Delta from upstream sources vary greatly across seasons and years
(Figure 6.2). The driest year of record (1976—-1977) had little inflow,
averaging only 2,800 cfs for the year, and little absolute seasonal variability,
ranging from 1,600 to 5,000 cfs. The wettest year of record (1982-1983)
had an average inflow of 89,000 cfs, ranging from 23,000 to 267,000 cfs
of monthly average flows. Other years of record had higher individual
monthly flows, usually associated with floods. We estimate that on average,
the inflows that would have occurred if the Delta had been in its natural
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Figure 6.2—Seasonal and Annual Variability of Delta Inflows,
19562005 (cfs)

state (shown as “unimpaired” flows in Figure 6.2) tended to be greater than

current inflows, especially during spring.?

Direct water exports from the Delta are also variable (Figure 6.3),

although to a lesser extent than inflows. There are two distinct seasons of

2Unimpaired flows are estimated using two DWR data series for the period

1956-2005: (1) DAYFLOW estimates of Delta inflows and exports and (2) estimates of
unimpaired or natural Central Valley inflows.
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SOURCE: DAYFLOW data (Department of Water Resources).

Figure 6.3—Seasonal and Annual Variability of Delta Pumping,
1975-2005 (cfs)

pumping, winter and summer, with historically less pumping in spring
and fall months. This pattern is a result of the high demand for irrigation
water during the summer months and the filling of off-stream storage in
San Luis Reservoir in winter. It also reflects efforts to minimize pumping
during the spring and fall months when fish are spawning. Annual export
pumping since 1975 has ranged from 3,100 cfs (1976-1977) to 8,900 cfs
(2004-2005).
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Statewide Adaptations to Delta Water Availability
and Management

The reliability of the Delta as a water source is of 